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Mason-Neilan presents the 12,000 Series Displace- 
ment Type Level Controllers confident that their 
construction and performance will meet with your 
approval. This line is the result of years of study, 


experiment and field experience in level control 


problems and requirements. Pursuing our policy of 


giving you more for your money, there are several 
unusual features introduced in this line. Models are 
available for controlling levels of all liquids of all 
usual specific gravities at usual pressures and tem- 
peratures, for interface service, specific gravity 


control and remote level indication. 
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xe fact that the military dares make known 
its need for 100-octane aviation gasoline is ample 
evidence that it promises nothing disastrous. 

The sudden realization of shortage, however, is 

evidence that efforts tc determine 
Bad But Not requirements of this product are 
Disastrous not satisfactory. It may be that 

calculation is impossible. There 

have been several complaints to 
the effect that military authorities have not given 
estimates of demand. 

Certainly the refining industry considered its 
accomplishment adecuate. Daily output of this 
prime product now stands at 400,000 barrels daily 
and only 80 percent of the special plant construc- 
tion is complete. If more had been asked and the 
equipment provided for plant capacity, the amount 
of gasoline could have been greater. 

Although it is not disastrous, it is disconcerting 
to realize that plans for an invasion went along 
for two years and that within two weeks after its 
start there was a shortage of premium gasoline. 

Fortunately butylene can be diverted from the 
rubber program without disaster. Rubber-goods 
manufacturing plants are under staffed and there 
is a stockpile of crude synthetic rubber. 


QO; ITS volition the. Petroleum Administra- 
tion for War reduced its original estimate of 
money requirements from The Congress, a move 
that deserves praise from-the industry it serves. 
The original budget Was set at $6,550,- 
000, which would have provided. for 
Praise increase in personnel. Subsequent to 
Worthy hearings before the House appropria- 
Ee tions committee, the amount was re- 
- duced to $6,000,000, which was approved by the 
_ House of Representatives. 
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The report of this committee to the House in- 
cluded: this explanation, that PAW had made 
“consolidations with the organization, improved 
procedure and otherwise brought about econo- 
mies.” ; 

Even in a day of spending in billions, a saving 
of a half million dollars or a reduction of that 
much in money requested still seems like a sub- 
stantial sum. In addition PAW has set an exam-_ 
ple which it is hoped will find matching efforts — 
as other agencies come to the day of seeking funds. 


P nas of catalytic processes is little short of 
preposterous. It rests with owners of small refin- 
eries, who assume that only large units will permit 
catalytic processing. 

‘ This is ill founded. Owners of 
the processes are confident of 
adapting their units to small instal- 
lations. The processes now in 
large-unit operation will be 
adapted. In addition several other processes, not 
yet announced, will be available when conditions 
permit installation. 

It seems logical that the refining industry will 
function substantially as now built for the dura- 
tion. By the end of the year daily output of 100 
octane aviation gasoline should reach 600,000 bar- 
rels. The industry is furnishing another million 
barrels daily of other petroleum products. There 
will be little cause for plant expansion while this 
requirement must be met. 

But plans for.introducing, new processes for 
small-scale installations and adaptation of present 
catalytic processes to small-scale building are 
going forward. Equipment for these smaller instal- 
lations will be feasible by the time: material is 
available for building. 


Why Fear 
Progress 
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TEN YEARS OF CONTINUOUS INDUSTRIAL SERVICE 


Dowtherm, developed by The Dow Chemical Com- 
pany as an efficient and dependable heat transfer 
medium, has now been in successful use for just, 
a decade. Yet, because of the versatility of its 
usefulness, and the fact that new ways of applying 
its proved advantages are continually being found, 
Dowtherm may still be considered a “new” product. 


As time passes, increasing numbers of manufac- 
turers and processors in varied industrial fields are 
coming to depend upon Dowtherm for its accurate 
control of temperatures in the 400°-723°F. range 
.. . for its freedom from the hazards of igh pres- 
sures ... for its safety, and its possibilities ia many 
instances for product improvement . . . for its 


economies, and the elimination of costly produc- 


tion delays and shutdowns. 


Dowtherm vapor and Dowtherm liquid systems 
are proving valuable in the operation of more than 
400 industrial plants today. The advantages of 
Dowtherm over direct-fire and other methods of 
process heating may likewise prove valuable to 
you. Detailed data on the Dowtherm system of 
precision temperature control will be sent promptly 
upon request. 

THE DOW CHEMICAL COMPANY 


MIDLAND, MICHIGAN 


New York + Boston + Philadelphia + Washington + Cleveland + Detroit 
Chicago + St. Louis * Houston + San Francisco + Los Angeles + Seattle 


CHEMICALS INDISPENSABLE 
TO INDUSTRY AND VICTORY 


The high temperature, low pressure, heat transfer medium 
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Another error in thinking is the assumption that 
only catalytic cracking will prevail in the future. 
Its efficiency-is evident and its growth assured, 
still it has demonstrated nothing to spell the doom 
of thermal processes. The plant with a modern 
thermal-cracking still can produce premium prod- 


ucts with the assistance of. polymerization, “ee 


tion, Cumeme and codimer. 
Refining will advance but it will not destroy. 


Destruction will come only where there is refusal 


to advance. 
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W: HAVE heard and read a great deal recently 
of the problem of creating postwar jobs. The em- 
phasis has been on jobs. Surveys have been made of 
many concerns asking how. many people they can 


employ after the war. Maybe this | 


will be of some help, but we 
believe the emphasis should be 
on setting the stage for prosp- 
perity after the war then jobs 
will surely follow. Jobs do not create prosperity; 
prosperity creates jobs. 


If in the postwar period we have a sound govern- 


The Other 
Way Around 


ment in which business men have confidence—confi- ~ 


dence that the rules will not be changed from day 
to day—confidence that government is to be the um- 
pire of business rather than the administrator of 
business—confidence that taxes are to be fixed so that 
the man who starts a business enterprise, large or 
small, can hope to keep part of his earnings, if his 
venture is successful—then we will have set the basis 
for an upsurge in business that will provide jobs. 

Given a sporting change to make money and a 
chance to keep some of it, American ingenuity will 
devise products and create a demand for these prod- 
ucts which means healthy industrial activity, which 
in turn means broad employment—employment that 
results in giving the people something they want— 
employment that will reduce, rather than add to, the 
tax burden. 


F OR the sake of national security it is well that 
the Army has not been compelled to provide all of 
the oil requirements for global military operations 
of the United Nations. At least it is fortunate, if the 
cost of oil from the Canol project 
should apply to the 1,500,000 barrels 
now required each day for these 
operations. 

Under such volume and at the 
cost of $15.9067 per barrel, petroleum products 
alone would hit the staggering total of $23,860,050 
for each day’s supply. Over a year that will add 
up to a neat sum even in comparison with the 
gigantic expenditures at which this war is being 
fought. 


Slightly 
Expensive 


It was the testimony of General L. D. Worsham — 
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before the House appropriation committee in June. 
He and others had come to ask for $16,500,000 for 
operating the Canol project for a year, Interpreted 
in cost-per-barrel <panee of Canol became evident. 


Reson: in behalf of a sae price for 
crude oil has seemed both logical and just. Still 


it now seems that it would have been beneficial © 
had no effort been made to gain the higher price — 


through statute. However well 
founded the plea, The Congress is 
not disposed to grant the request. 

Justice of the plea is admitted in 
OPA, which proposes to grant sub- 
sidies (higher prices for oil from low-output wells). 
This is where the effort to gain a higher price has 


On the 
Rebound 


‘been harmful. The plea has been converted into 


an instrument, which will bring credit to the bu- 


reaucrat. A man or a set of men now have the 


financial welfare of an oil producer at their mercy. 

The proposal is linked with well output but this 
is something that can be controlled. A well of low 
output may be more profitable than one of higher 
output. The tendency will be to produce less oil; 
while the need of the hour, is for producing 
more oil. 

Nothing has been said as to the value of a 
barrel of oil in use. Oil from a well making three 
barrels a day and drawing a bonus will make no 


more and no better gasoline than oil from a well ' 


which flows 100 barrels daily. Only the cost of 
production differs, Paying the bonus may appease 
some of the oil producers but it will not stimulate 
the production of oil and it will not contribute to 
the military effort, the one and only purpose in 
setting up OPA. 


Lice the other crafts, printing has seen its men 

go off to war. An idle press means an active gun. 

However unsatisfactory a late publication may be, 

complaint is out of order. The necessity of full 

gun crews is not to be compared 

Gone to with the desirability of full press 
The War crews. 

PETROLEUM REFINER takes its tura 

each month in a plant which has 

made its contribution to the military, both in per- 


sonnel and in supplying printed matter for the 


armed forces and war agencies. Although no 
apology seems justified, it is proper to accept the 
condition as undesirable. Publication date*will be 
met when the fortunes of war permit men to come 
home. 

Inability to keep on schedule is as objectionable 
in the printing plant as it is in the publisher’s 
office. From type setting to binding the men and 
women in the plant know why the publication is 
late, and do not like it. 
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Polymerization unit in the re- 
fining plant of the Shamrock Oil 
& Gas Corporation. This process 
came into wide use in small plants. 


The author points to more re- 
cent processes, which will be avail- 
able to the small refining plant 
after the war, 

Through the purchase of high 
octane blending agents, the owner 
of a small refining plant will have 
another means of keeping in step 
with the motor fuel quality trend. 








Prolilieas Confrontion 
Smaller Refineries 


R. G ATKINSON 
Technical Adviser, The Shamrock Oil and Gas Corporation 


- refining companies that do not have a highly 
developed research department of their ‘own must 
look to other sources for developments whereby they 
May meet the competition of constantly improved 
products and more efficient processing methods. 
Attempts to solve these problems by means of re- 
Search on a small scale will in all probability en- 
counter insurmountable difficulties, since the basic 
Processes which necessarily must be used; that is, 
Catalytic cracking, isomerization, alkylation, and 
Others, are surrounded and covered by patents. How- 
ever, since nearly all of these newer processes are 
Open to the independent refiner on a royalty basis, 
there is intended to be at hand a means whereby the 
Smaller refineries can install and benefit by: modern 
technological improvements. If the royalty payments 
ae not too expensive, they may be considered by the 
§mall refiner as his cost of research which he has not 
been able to do individually, and in this event, the 
foyalty payments should find their way back into and 
create further research. The system, thus constituted, 
Should provide an organized and effective means of 
Supplying research service to the entire industry. 
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As crude oil becomes more valuable, and develop- 
ments in refining are directed toward obtaining higher 
yields of higher-quality products, it may be necessary 
to make the fullest use possible of all modern proc- 
esses which can be applied in order for the small 
refiner to remain in business. In this regard, the 
large-scale application of catalytic cracking, which 
is presently taking place, is generally expected to 
have a great effect on processing, both in the large 
plants operating the large catalytic units and in the 
small plants which must make some changes to keep 
their products on a competitive market. 

Since the indications are that the quality of future 
gasoline may be closely related to the performance 
of catalytic cracking units, it seems appropriate to 
try to estimate what effect this development may 
have on the specifications of the gasoline to be sold 
in the future. It has been estimated that among the 
major catalytic processes there are approximately 
100 units constructed, or in varying stages of com- 
pletion. These plants probably will continue to op- 
erate in the postwar period, because they exist ready 
to operate and are in a position to furnish higher- 
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This clkylation unit in the new refining plant of the Cities Service Refining Corporation, Lake Charles, Louisiana, is part of the total 
capacity, whose output is calculated as sufficient for raising the octane rating of the motor gasoline total by 3.1 octane numbers. Purchase 
of alkylate and other blending agents from major refining companies is another approach to raising quality of small plant gasoline output. 


quality products. However, the operation of a cata- 
lytic cracker is decidedly more complicated than thermal 
cracking has been in the past, and, therefore, the cost 
of operation is expected to be relatively high. This 
factor may cause the market price for the higher- 
quality gasoline to be high enough to allow the 
smaller refiner to make. additional expenditures to 
improve the quality of his products. 


The existing catalytic-cracking units should have 
a charge capacity of about 1,000,000 barrels per day, 
from which they may produce a yield of 80-octane 
pressure distillate equal to about 40 percent of the 
volume of the charge. The remaining 60 percent will 
be largely refractory stock which probably will be 
processed in thermal-cracking units to produce the 
same quality of pressure distillate and by the same 


method by which it was cracked before the advent 


of catalytic cracking. Assuming the above to be true, 
the total over-all maximum effect of these facilities 
for catalytic cracking would be to increase the octane 
number of 400,000 barrels per day of products from an 
average 66-octane number formerly made by thermal 
cracking to an 80-octane number for the catalytic 
product. If this 14-point increase for 400,000 barrels 
per day is uniformly distributed over the entire gaso- 
line production (assumed 1,800,000 barrels daily), 
there would result an average increase of 3.1 points in 
the octane number of all the gasoline. Thus, where the 
industry used to manufacture a house-brand gasoline 
of 7%4- to %6-octane number, it may be possible to 
manufacture 77- to 79-octane number, and the small 
refiner must, therefore, find a way to keep pace with 
these developments which may take place soon after 
the war ceases. 


The estimate made above is admittedly over- 


88 {242} 


simplified, but is thought to be presented as clearly 
as can be done under present circumstances. Many 
estimates of what the octane of postwar gasoline will 
be have appeared in the petroleum literature. These 
estimates have been based on many different lines 
of reasoning, and most of them seem to agree that 
about 2 years after war, house-brand gasoline will be 
raised 2 or 3 octane numbers higher than was speci- 
fied before the war. 

There are several ways by which the small refiner 
will be able to meet the increased quality demanded 
by a future competitive gasoline market. One of these 
ways may be by the installation of some catalytic- 
cracking capacity on a small scale. The catalytic- 
cracking process known as the Cycloversion Process 
may be particularly applicable in this respect. This 
process differs from other major catalytic-cracking 
processes installed in this country in that it is carried 
out by means of a smaller installation of ordinary re- 
finery equipment. Another process that may have 
much merit for application by the smaller refinery is 
the Suspensoid Catalytic Cracking System, recently 
described by Foster. While this process seems to give 
somewhat less octane improvement than our major 
catalytic-cracking processes, it appears to be some- 
what simpler in operation and applicable to smaller 
plants. 

In connection with getting a high degree of im- 
provement in quality of .product from a small in- 
stallation of equipment, the possibilities of catalytic 
reforming should get thorough consideration. 
catalytic reforming process applied to the heavy ends 
or high-boiling fraction of pressure distillate may 
enable a refiner to produce a gasoline of superior 
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engine performance by catalytic treating of only a 
fraction of the total output. Wagner has pointed out 
that the improvement obtained by this means may be 
very much greater than ordinarily has been assumed; 
since improvement in lead susceptibility and engine 
performance will result in addition to the expected 
improvement of octane number.? It has been demon- 
strated by an extensive series of tests that the higher- 
boiling alkyl aromatic compounds which are formed 
by catalytic cracking give a much better motor per- 
formance than the olefins of similar boiling range 
which ordinarily occur in the higher-boiling fractions 
of thermal pressure distillate. In regard to the lighter 
fractions of gasoline, however, it has been found that 
the lower-boiling-point olefins give a motor per- 
formance almost equal to that of catalytically cracked 


material.* It is thus possible to manufacture a gaso- © 


line of superior motor performance by blending 
catalytically reformed material which distills in the 
upper part of the gasoline boiling range with lighter 
fractions which may be obtained from ordinary 
thermal pressure distillate. 

The construction and operation of small alkylation 
plants may prove practical and should be considered 
thoroughly by the smaller refineries. There probably 
will be ample quantities of isobutane available in the 
postwar period at an attractive price, which can be 
combined with quantities of propane, butene, and 
pentene, when available, to form very high quality 
blending constituents. An alkylation plant, by making 
use of isoparaffins as well as unsaturates, will pro- 
duce a much greater quantity of product of higher 
quality than was produced by the widely used small- 
scale polymerization plant. Another way that a re- 
finer who is deficient in octane may be able to relieve 
his situation is by the purchase of high-blending- 
value constituents. Such products as alkylate, codi- 
mer, isopentane, and catalytically cracked distillate 
may be made obtainable to the small refiner to some 





extent for the purpose of raising the octane number 
of motor gasoline. These products which have high 
blending value are worth somewhat more to a refiner 


‘than the sales price of his gasoline due to the saving 


in tetraethyl lead which results from their use. For 
example, at a market price of gasoline of 6 cents, 
alkylate, when used in a motor gasoline blend to the 
extent of 10 percent, will in most cases have a value 
to the refiner of 8 cents or 9 cents per gallon. Since 
there may be excess alkylation-plant capacity beyond 
that which is required to furnish the necessary post- 
war aviation gasoline, it is possible that some of 
these plants will be operated even though the price 
which they obtain for their product is based on the 
value of alkylate in blending automotive motor fuel. 
Also, a refiner who is deficient in’ octane can afford 
to pay somewhat more for isopentane than he could 
pay for natural gasoline of the same vapor pressure: 
For this reason, some of the excess isopentane pro- 
duction over what is used in aviation fuel may be 
sold as such instead of its going to its previous 
market as a constituent of natural gasoline, 

The solution to the problems of the small refiner 
in the postwar period seems to be largely dependent 
upon his ability to negotiate for and install new proc- 
esses which can be made applicable on an economic 
basis to his individual situation, and it depends, also, 
upon his ability to negotiate for sufficient quantities 
of special blending constituents, on an economic 
basis, to meet the expected change i in quality of post- 
war gasoline. 
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Codimer is now made in many smaller plants. Much of it goes to the few hydrogenation plants, where’ it becomes hydrocodimer, a still 

more potent octane blending agent. A possibility of the postwar period will be the exchange of high quality raw materials, butanes and 

butylenes, for finished re agents such as hydrocodimer. The unit above is the recently completed hydrogenation plant of Shell Oil 
Company, Wileingten, California. 
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What Constitutes a Hazardous Area in the 






Petroleum, Rubber and Chemical Industry? | , 


What Constitutes Explosion-proof 
Equipment? 


G. G. GRIFFIN 
Manager, Product Engineers, Southwestern Division, Crouse-Hinds Company 


Det tear precaution should be taken in the 
ofiginal electrical design of plants with hazardous 
areas to prevent loss of life, property, and interrup- 
tion of output. The practice of experienced electrical 
engineers in the petroleum, rubber, and chemical in- 
dustries is to install explosion-proof equipment in all 
locations in which flammable volatile liquids, highly 
flammable gases, mixtures or other highly flammable 
substances aye manufactured, used, handled or stored, 
because these flammable materials cannot be con- 
trolled after they have escaped from their containers. 
United States Army Engineers have adopted a stand- 
ard requiring that all electrical equipment, including 
service equipment that is not explosion-proof, be 
located not less than 50 feet from any building in 
which highly flammable substances are handled ; also 
all service conductors in such areas must be under- 
ground. 

This requirement was adopted to prevent possible 
ignition of gases or vapors by arcs caused by broken 
conductors or accidental grounds. 

Figure 1 shows the procedure used by electrical 
engineers in determining the extent of hazardous 
areas. 

Size and shape of the building must be considered 
in determining the minimum safe distance at which 
non-explosion-proof electrical equipment may be in- 
stalled. 

Winds blowing in the directions indicated will dis- 
turb, but slightly the air in the triangular areas, 

In the event the air in these areas becomes charged 
with flammable gas or vapor, it is obvious that the 
natural air movement will be relatively slow in effect- 
ing dilution of the mixture to safe proportions. 

A rough rule is: Non-explosion-proof equipment 
should be located from the end of the building a 
distance not less than the building’s width and from 
the side not less than the building’s length, but never 
less than 50. feet. 

The conditions that exist when an explosion occurs 
from electrical causes usually are: 

(1) Presence of gas in the immediate vicinity of electrical 

devices. 

(2) Entrance of gas into.the device enclosure by breathing 

or otherwise. 

(3) a econ of the gas by arcs due to normal functioning 

of the device or by an insulation failure. 

(4) Inability of the enclosure to restrain the explosion and 

prevent issuance of flames or dangerously hot gases. 

The principal difference between non-explosion- 
proof and explosion-proof electrical devices is. that 
the latter have the ability to restrain the explosion 
and prevent issuance of flames and dangerously hot 


gases. 
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To protect a plant and workers from fire and in- 
juries, all explosion-proof equipment should be con- 
structed in accordance with requirements of Under- 
writers Laboratories, Inc.; also electrical equipment 
should be installed in accordance with the latest issue 
of the National Electric Code. Protection then is 
assured at minimum cost and the best the art affords, 

In locations judged to be hazardous the following 
provisions should be observed: 

(1) Transformers should be installed outside of the haz- 

ardous area. 

(2) Service equipment and panel boards should be of 
explosion-proof type and installed as required by the 
National Electric Code. 

(3) Conduit should be rigid type and with threaded explo- 
sion-proof joints. ; 

(4) Fittings should be of the explosion-proof type with 
five full threads or more in each hub. All covers should 
be treated with a compound to prevent corrosion. 
Screw-threaded flame paths give most reliable protec- 
tion and require but little maintenance. 

Flexible connections of explosion-proof construc- 

tion are available for connecting to conduit systems, 


motors or equipment installed on moving bases. 


Seals 

All conduit runs should be sealed off in an ap- 
proved manner: 

(1) Where conduit terminates, immediately adjacent to an 
enclosure in which arcing or sparking occurs as at 
breakers, panel boards, branch circuits, motor starters, 
lighting units, switches, receptacles and similar de- 

(2) oS a conduit leads from a hazardous to a non- 
hazardous location such as between buildings. 

(3) Within 2 feet of terminal and junction boxes to which 
rigid conduit runs, 4-inch size or larger are connected. 

Seals should be located close to the housing in 
order to prevent a phenomenon known as “pressure 
piling.” In long conduit runs it is considered good 
practice to install seals every 50 feet for this same 
reason. 

In placing seals due consideration should be given 
to the probability of water being trapped. This water 
may be the result of condensation within the conduit 
system or it may have found its way in in some other 
manner. In some localities trapped water is a very 
real and troublesome problem, 

Heretofore, water which collected on seals could 
not be removed, but now there is available a com- 
bination seal and drain which should be used if it is 
suspected that water may collect. 

Water, if allowed to collect in various enclosures, 
eventually will cause electrical. failures. To avoid 
this, explosion-proof drains are available which may 
be attached to the enclosures and thereby permit 
constant draining. This, in combination with explo- 
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sion-proof breathers, will effectually overcome many 
failures due to water or continued dampness. 


Across-the-line motor starters must be designed 


- for use in explosive atmospheres. Many types are 


available. The most commonly used type in haz- 
ardous areas is the combination type, from %- to 100- 
horsepower. A circuit breaker should be installed 
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FIGURE 1 


Gas of explosive mixture may be found in areas A, B, and C when wind 
is in that direction. 


ahead of each starter to give short-circuit portection. 
The starter can be of the dry or oil immersed type. 
Care should be taken in making the proper selection 
as there are three points to consider. 

(1) If corrosive chemicals are present and the equipment 
will be subjected to them. Oxidation can be eliminated 
by using oil-immersed starters in such areas. 

If condensation is the main source of trouble and 
corrosive chemicals are not present in sufficient quan- 
tities to attack the equipment, many engineers use dry- 
type enclosures equipped with breather valves and 
drains for the removal of the water and dampness 
that might accumulate in the bottom of the explosion- 
proof housing. Condensation is caused by temperature 
changes and the housing breathirig at the cover joints: 

(3) If corrosive chemicals and condensation are present 

many users install combination line starters of the oil- 
immersed type in suitable housings and equip the top 
of the housing with a breather valve and the bottom 
of the housing with a drain for the manual removal of 
water under the oil. 

The drain and breather valve should be used as a 
combination to obtain maximum results. Drains are 
made in two designs: one for use with enclosures for 
oil-immersed devices, and the other when no oil is 
present. Both types may be useful in a single installa- 
tion. The drains consist of non-ferrous bodies having 


( ? 


“ 


— 


threaded hubs and ‘internal flame-tight (but not 
watertight) labyrinths. In the design intended for 
use where oil-immersed devices are employed, a valve 
is provided to prevent leakage of oil. Water, being 
heavier than oil, will accumulate in the bottom of the 
enclosure. Periodically, the valve can be opened and 
the water allowed to escape. When oil appears, the 
valve should be closed. 

In the design intended for non-immersed devices, 
the water will escape continuously. If, because of 
dirt, the drainage labyrinth becomes clogged, it can 
be cleared by rotating: the labyrinth member by_ 
means of the handle. A stop prevents complete re- 
moval of the labyrinth member. 

Drains may be installed in explosion-proof devices 
by screwing them into a hub tapped for %-inch con- 
duit and having at least 5 threads which will engage 
at least 5 threads on the drain. Drilling and tapping 
walls of boxes and enclosures usually will not give 


-5-thread ehgagement required by the National Elec- 


tric Code and Underwriters Laboratories. 

Obviously, the drains should be installed at low 
points, also the end of the male hub should not pro- 
trude above the inner surface of the enclosure at its 
low point. | 

The appearance of mildew on electrical insulation 
is a sign that the insulation is under bacterial attack 
and unless the attack is arrested and the cause re- 
moved, insulation failure will result. Mildew is a 
bacterial growth promoted by continuously hot, 
damp atmosphere. Usually it is impractical to lower 
the ambient temperature but it may be practical to 
ventilate an enclosure and thereby obtain frequent 
changes of air. 

Explosion-proof electrical enclosures cannot be 
vented in any of the usual ways because they must be 
kept flame tight. However, if they are equipped with 
explosion-proof drains and breather valves, con- 
densed water can escape and a continuous change of 
air obtained. This effects a lowering of the tempera- 
ture of the internal atmosphere. These results dis- 
courage mildew formation. 

The breather valve is similar to the drain but is 
designed to be installed in the top of explosion-proof 
housings, allowing air to pass in or out as conditions 
vary. The labyrinth handle is a rotating cap to pre- 
vent dirt from interfering with the action of the 
valve. 

Lighting switches should be of a type designed for 
use in explosive atmospheres. Lighting fixtures for 
46, 60, 100, 150, 200, 300, and 500 watt are available. 

Lighing fiixture conduits are made for use in haz- 
ardous locations where a broken lamp or an acci- 
dental ground or short circuit in the lamp receptacle 
or wires might cause an explosion with ordinary 
lighting fixtures, It is impossible to produce a light- 
ing fixture which will permanently exclude a sur- 
rounding explosive gas, but the fixtures are con- 
structed to prevent any explosion which may occur 
within the fixture from being communicated to the 
surrounding atmosphere. The castings and glass 
globes are strong enough to withstand any internal 
explosion and the threaded joints are tight enough to 
prevent escape of flame resulting from the explosion. 
The wiring compartment and lamp are separated by 
an explosion-proof threaded joint, which prevents an 
explosion that may occur in either compartment from 
being communicated to the other. 

The National Electric Code requires that the globe 
of a lighting fixture in hazardous locations shall be 
protected by a guard when exposed to mechanical’ 
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injury. Fixtures are available with guards to comply broken before the arcing chambers are opened to the 


with this requirement, and without guards for use atmosphere. 


where they are not exposed to mechanical injury. The delayed-action explosion-proof plug and re- 
ceptacle takes the place of an interlocking plug and 


Portable Hand Lamps explosion-proof switch, as specified in Article 500 of 
Explosion-proof and dust-tight hand lamps are the National Electric Code. The delayed-action unit, 
constructed to provide the utmost safety, durability however, has the following advantage—should the 
ae : 4 b cord or cable be broken through undue strain, the 
and ease of wiring. Non-sparking metals must be jiuo will have been withdrawn far enough to break 
used. They have laminated plastic handles which the circuit in the receptacle, and the cord is dead at 
provide a cool grip. The handle is firmly secured to the point where the break occurs. 
the cast aluminum body, in which is mounted a key- The non-explosion-proof circuit-breaking plugs 
less, composition lamp receptacle. cannot be used with explosion-proof delayed action 
The cast aluminum globe holder (complete with receptacles. Delayed-action plugs, however, can be 
clear, explosion-resisting globe) is threaded on the Used with regular receptacles. This fact may be 
body and locked to prevent loosening by vibration. utilized in a plant having hazardous and non- 


; Sey ; hazardous locations as follows: 
The guard is ¥ combination of cast bronze rings and Delayed action receptacles can be installed in the 
copper-clad wire bows. It is fastened to the globe 
























































hazardous areas. 


holder by machine screws, For relamping, the globe Regular receptacles of the same style and rating ra 
holder, globe and guard are removed as a unit. Re- can be installed in non-hazardous areas. a 
moving any screws is unnecessary. Portable equipment suitable for use in the haz- ba 
‘ ardous areas may be equipped with explosion-proof de 

Flexible Portable Cord for Hand Lamps _ delayed-action plugs. Such equipment may then be m: 


“Extra hard usage” three-conductor portable cord used anywhere in the plant, including the hazardous ca 


should be used with hand lamps. The third conductor areas. b 
or grourd conductor should be concentrically wrapped Portable equipment not suitable for use in such 4 
around the two current carrying conuctors under the areas may be equipped with regular plugs and such y 
outer rubber covering of the cord to specify lamp equipment can then be used in any non-hazardous : 
cord for hand lamps. Two-conductor concentric cord location in the plant, with complete assurance that it e 
with the third conductor marked with a green cotton cannot be connected to a receptacle in the hazardous = 
covering should be requested. areas. ial 
This will prevent the inadvertent use in the hazard- Pat 
Plugs and Receptacles ous areas of portable equipment that might cause an y 
Circuit-breaking plugs and receptacles have proven explosion. 7" 
their mérit in ordinary industrial installations. There The possibility of abnormal conditions in the § * : 
is very little burning and pitting of the contacts,even conduit system is provided for by the strength of the J... ° 
when used for breaking the circuit at full load. How- parts and by the flame-resisting character of the joint J‘ 
ever, they are not suitable for use in hazardous loca- between receptacle housing and conduit. The joint be 
‘tions. Realizing, however, there is a requirement for between the receptacle itself. and the receptacle ~ 


plugs.and receptacles for use in hazardous locations, housing is completely closed by means of sealing 
an explosion-proof, delayed-action circuit-breaking compound. Pigtail leads provide for connection to the by 


plug and receptacle has been produced. The purpose circuit wires. req 
of the delayed action is to permit the arc to be In hazardous locations, Article 500 requires that J ©P' 
frames of non-current-carrying f StU 
metal parts of portable devices be pe 


grounded through an extra con- 
ductor in the portable cord. This J oth 
not only protects the operator and 
carries leakage current to ground § nt 
in case of insulation failure, but § Tes 
also’ drains off any static charges J Sin 
that otherwise might cause § flo 
sparks. This Uevice is intended for J fui 
a 2-wire or 3-wire circuit but is J bee 
provided with an extra pole for § her 
this grounding conductor. The § atic 
grounding terminal in the recep-§ ula 
tacle is attached directly to the# 1 
receptacle housing from which § isot 
the ground circuit is completed J twc 
through the conduit system orf wit 
through a copper grounding wire, § mec 
if necessary. ; and 
Of the remaining terminals MJ due 
the plug ‘and receptacle, one 18 
identified white for connection td 
the identified or grounded con- 
ductor of the system, if such 4 
conductor exists, and is brought 
to the receptacle. 
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Pressure Drop for Flow Through 


Beds of Granular Adsorbents 


H. V. ALLEN, JR. 
Attapulgus Clay Company and Porocel Corporation 


A RECENT publication from the Research Labo- 


ratories of Porocel Corporation contained a wealth 


of new data on the drying characteristics of activated 
bauxite as an industrial adsorbent’. The increasing 
demand for almost complete moisture removal from 
many gases and liquids entering into newly developed 
catalytic processes is being met in an efficient manner 
by this low-cost, naturally occurring material of 
large effective surface area. Bauxite, and also fuller’s 
earth, another natural material of large surface area, 
are being used in a variety of operations where it is 
necessary or desirable to remove small amounts of 
impurities from fluid streams. The decolorizing of 
lubricating stocks in petroleum refining’, the clari- 
fying of sugar solutions®, and the desulfurizing* of 
catalytically reacted products have been described, 
showing the adsorptive capacity of these materials. 
In most industrial applications of solid adsorbents 
it is usual practice to pass continuously the fluid to 
be purified through a packed column containing the 
adsorbent in granular form. For the design engineer, 
data on pressure drop or the resistance to flow offered 
by various mesh grades of the granular adsorbent are 
requisite in planning the type and size of equipment 
optimum for a particular adsorption process. Several 


studies of pressure drop through granular adsorbents 


have been reported, but in most cases the data have 
not been given in a form useful for design conditions 


.other than those for which the tests were made. For 


example, some data show the resistance of an adsorb- 
ent to air flow’, while results for another give the 
resistance to the flow of a particular organic liquid®. 
Since a general relation for pressure drop vs fluid 
flow based on pilot-plant-scale tests covering several 
fluids and several mesh grades of adsorbents has not 
been reported, it is believed that the data presented 
here will be of much value in many industrial oper- 
ations where fluids pass through beds of such gran- 
ular materials. 

The basis for an analysis of pressure drop for 
isothermal fluid flow is an uniform duct between any 
two points, where there are no heat or work effects 
with the surroundings, is a combination of the 
mechanical energy balance, or Bernoulli’s Theorem, 
and the so-called Fanning equation for energy loss 
due to friction’. 


2fV*dL 


gdz VdVv 
tN Dee (1) 


£e Sc 





—vdp = 


For fluid flow through granular solids, an exact 
use of this equation is not possible without a knowl- 
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, a drop data useful in the design and operation 
of industrial adsorption equipment have been deter- 
mined from experimental studies on the flow of liquids 
and also of gas through various mesh sizes of activated 
bauxite and fuller’s earth packed in a steel tower 6.065 
inches in diameter and 10 feet high. A general rélation 
based on a simplification of the mechanical energy bal- 
ance and the so-called Fanning equation for friction, and 
plotted in the form of friction factor vs Reynolds Num- 
ber, where 


__ APD» ge pave. 
oe 26.’L 





D, Go 


and Re rr 
all expressed in consistent units, is recommended for 
calculating pressure drop to within +10 percent for a 
single fluid flowing through a standard grade of bauxite 
and fuller's earth of experimentally determined equiva- 
lent particle diameter. 











edge of the actual linear velocity of the fluid through 
the interstices and the size of the flow channels. 
Such data are not easily obtainable. However, by 
assuming that the average linear velocity is propor- 
tional to the superficial velocity based on the overall 
cross section of the uniform bed, and that the average 


NOMENCLATURE 


D — Diameter, feet 
D, — Effective ‘particle diameter, feet 
F —Friction, foot pounds’ per pound of flowing fluid 
F.—Friction loss due to expansion 
F. — Friction loss due to contraction 
f—Friction factor in Fanning equation, dimensionless 
G—Mass velocity; pound per (square feet) (second) 
pounds per square foot per second 
Ge — Superficial mass velocity, pound per (square feet of 
pounds per square foot of tower cross section per 
second) 
g—Local acceleration due to gravity 
ge— Newton constant, (pound ones} (feet) per (pound 
force) (second?) 
L—Length of packing, feet 
n— Number of particles 
AP— Pressure drop, pounds per square hos 
p-— Pressure, pounds per square foot 
V -—Linear velocity, feet per second 
V.— Superficial linear velocity; feet per second 
v— Specific volume, cubic feet per pound 
W — Weight \ 
z— Height above datum, feet (potential energy) 
u— Absolute viscosity, pound per (feet) (second) pounds 
per foot per second 
p— Density, pounds per cubic feet 
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particle size 1s an approximation for the average 
channel size, the equation can be modified to 


gdz VodV. . 2fV.2dL 
Ze + Ze i Dpge 





—vdp =; (2) 

In addition to the friction between fluid and solids, 
there are probably numerous expansions and con- 
tractions of the fluid due to the irregular channel 
cross sections normal to flow. Energy loss due to a 
single expansion and single contraction can be cal- 
culated from the equations 





_(Vi— Vs)? 
F, = ae. (3) 
K-V:3 
R= (4) 


To be theoretically consistent, some form of these 
equations should be included in equation (2). How- 
ever, since actual velocities and actual areas normal 
to flow are not known, it will be assumed that losses 
due to expansions and contractions can be included 
in the constant f, i.e., the so-called friction factor f 
will be defined as an over-all energy-loss factor. 
Exact integration of equation (2) is difficult. 
Under certain conditions approximate integration 
can be shown to give sufficiently accurate results. 
For liquids, or incompressible fluids, specific volume 
changes only slightly with pressure, and therefore 
linear velocity, V., remains practically constant. If 
changes in potential energy are corrected for in ac- 
tual measurements of pressure drop, this term can 
be dropped along with that for kinetic energy. Then 











2fV." 
—v fdp= Dred ab (5) 
2fV."L 
and (p: = D2) Vave —_ Dpge (6) 
2fV.*L 2fG."L 
or AP= (7) 


DpgeVave oT DpgecPave 


For gas flow under conditions of temperature and 
pressure where the perfect gas laws may be used, 
and where a change in potential energy is negligible 





FIGURE 1 


4/8 mesh bauxite (left) and At- 
tapulgus clay (right) full size. 





due to the low density of the gas, equation (2) can 
be simplified. Thus, dividing by v and substituting 











=: RE ives 
ers gives 
-—dp —pdp -_ VodVo 2fV.7dL 
e "SA ee Dpgev* (8) 
—pdp Ge cdv . 2fG? 
* RT =a-5 Vv +t J a 
pimp? _G? Vi, 2tGtL 
and “ORT 2g. !"v, + Dig. & 


Since the relation of p vs v is practically linear, an 
arithmetic average of pressures can be taken as an 


: ae 
average for v or pe bess 


Di + D2 
aR i 


Substituting this in the abové*equation gives 


= Pave 





6G). « - aa 
(p1— Pz) Pave = 2g- In Ps + Dpge (11) 
G! op, AGEL 
or AP = 2¢6 In Pa ad» - (12) 
‘ . Mahe ; a 
The first term on the right is negligible when D, '8 


large and/or 4P small. Therefore it can be dropped 
and the simplified equation is the same as that de- 


veloped for ——— 
2fGo" 

sesclpeaay «°° (7) 

In studies of pressure drop for fluid flow through such 
materials as broken pumice, lead shot, uniform spher- 
ical and cylindral pellets, and a few other irregular 
solids, most writers * * 2% 14 1% have correlated their 
data in the manner first introduced by Blake, i.e., by 
calculating the dimensionless friction factor f in 
equation (7) from experimental measurements of 
pressure drop, rate of flow, and particle size, and 
plotting this factor versus another dimensionless 
group composed of fluid viscosity, particle size, and 
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rate of flow, i.e., a modified Reynolds Number. The 
generally accepted plot of f vs Re for a single fluid 
flowing through beds of uniform solids is that of 
Chilton and Colburn’? which shows experimental 
data correlated from several independent sources and 
covering a wide range of Reynolds number. How- 
ever, it has been shown by other correlations ™ ** 
18, that such factors as particle shape, angularity, size 
distribution, and percentage void content in the bed 
should be considered in developing a general plot for 
use in predicting pressure drop. Obviously the term 
D,, particle size, appearing in both the friction factor 
and Reynolds Number must include several variables 


definitive of a particular granular material; and to be 


of real value in a general correlation, this arbitrarily 
assigned dimension of length must be considered i in 
light of its wide scope. 


Standard Mesh Specifications 


Commercial grades of granular activated bauxite 
and fuller’s earth are both manufactured in much 
the same manner. After various processing opera- 
tions, both materials are ground in roller mills and 
scre-ne/ into several fractions meeting standard 
mesh s <cifications. In Figure 1 are shown typical 
standard grades. From these it can be seen that the 
granules of each material are most irregular, i.e., 
definitely not spherical, but yet more or less uniform 
with respect to themselves and of shapes character- 
istic of both bauxite and fuller’s earth. Therefore it 
can be assumed that, other variables being the same, 
comparable grades of each material should fit one and 
the same correlation. However, since standard grades 
vary in range of particle size, i.e., a specification may 
call for a material passing No. 4 mesh and remaining 
on No. 8 mesh, or a material passing No. 20 and re- 
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FIGURE 2 


Apparatus used for the determination of the pressure drop through 
granular bauxite and fuller’s earth. 
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maining on No. 60, such wide size distribution should 
be given effective weight in assigning an average 
particle size. Therefore in the handling of the experi- 
mental measurements of particle size in this work an 
effort has been made to relate an effective particle 
diameter to both the number of particles making up 
a sample and the average size as determined from a 
complete sieve analysis. The basis for this is the 
assumption that the specific gravity of all the parti- 
cles of a particular grade is uniform, and that the 
weight of a given fraction, defined or limited by two 
consecutive Tyler standard sieves is proportional to 
the total volume times density, i.e., 

W=n 6 D* (13) 
where n is the number of particles and D is an equiva- 
lent spherical diameter equal to the arithmetic aver- 
age of the width of the two sieve openings. Thus by 
a summation of terms in the form of equation (13) 
representing each fraction from a sieve analysis 
using sufficient standard sieves in consecutive order 
to include all particles, it can be shown that the effec- 
tive particle diameter used hereafter in correlating 
all data is equal to the cube root of the total weight 
of sample divided by the total numbers of particles, 
or expressed in an equation 


3 ~~ 
D, = W; 
Det w+ pt 


where the terms bd are proportional to the number of 


particles in each fraction. 








Wa 
* D,’ 


(14) 





Experimental Apparatus 

In order to measure pressure drop and rate of flow 
in an experimental unit sufficieutly large to make 
wall effect and end effects negligible, and therefore 
provide data suitable without correction to plant- 
scale equipment, a length of 6-inch standard steel 
pipe, fabricated to hold a 10-foot bed of granular 
packing between two supporting screens, was used 
for all tests. Approximately 115 pounds of activated 
bauxite or 62 pounds of fuller’s earth were used in 
filling the 2-cubic-foot volume, thus giving beds 
sufficiently representative of a standard commercial 
grade. The packed column, set up vertically, was 
equipped with several pressure taps and a ther- 
mometer well. Piping was arranged to handle in- 
dependently gas flow from a high-pressure line and 
liquid flow delivered by a circulating pump from a 
storage tank. Rate of gas flow through the column 
was measured by a standard sharp-edged orifice. 
Liquid flow was measured by a Fischer and Porter 
rotameter calibrated for each liquid used. Water and 
mercury manometers, and Bourdon gauges were used 
to measure the pressure drop across the packing 
in such a way that the resistance to flow due to the 
supporting screens was not included. All measure- 
ments were taken with the liquid or gas flowing from 
top to bottom through the bed. Where necessary, 
corrections were made for the fluid head in the 
column. 


Samples of granular grades tested were: 


Activated Bauxite Fuller’s Earth 
4/8 4/8 
8/14 8/14 
10/20 14/20 . 
20/60 30/60 
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| Air at approximately atmospheric, conditions was 
used for gas flow. 





Viscosi 
Sp. G. at 80° F.| (Centipoises) 





Liquids used were: 
Stoddard Solvent (naphtha). ..............:.......0005- 6.79 0.916 
Nad wh hb coca nce gcc cede abcess 0.83 8.05 











A typical run consisted of filling the column with 
solids by means of a false-bottom stocking-like sack 
in such a-way that degradation of the particles due to 
impact was avoided. Maximum b uk density of pack- 
ing, i.e., lowest percentage of v .id content, was at- 
tained in each run by carefully tamping the outside 
of the column from bottom to top during the filling. 
The order of taking.measurements was air flow first 
and then Stoddard solvent flow through the same 
bed. For mineral-oil flow through a bed already sat- 
urated with solvent, the column was drained over- 
night, dried by passing air through for several hours, 
and flushed thoroughly with the new liquid before 
measurements were taken. Viscosity and density de- 
terminations were made on the actual fluid being 
circulated through the system. 

A sketch of the apparatus is shown in Figure 2. 

The pressure-drop data for naphtha and gas flow 
through beds of activated bauxite are shown in 
Figures 3 and 4, respectively. The excellent agree- 
ment between the experimental results obtained in 


NAPHTHA AT. 80°F. 
Seeciric Gravity - 0.79 
Viscosity - 0.916 CENTIPOISE. 


NAPHTHA FLOW — GAL. PER MIN. PER SQ FT. OF BED CROSS-SECTION. 


this work and published values is indicated in 
Figure 4. 
Correlation of Data 


Experimental data representing 17 separate runs 
were substituted in the equations 


Peis AP Dy gePave 
ai 2G.°L 
_ D,Go 
Re = ; 


to calculate values of friction factor and Reynolds 
Number. The correlation of these data, shown in 
Figure.5 as a plot of friction factor vs Reynolds 
number, gives a general relation for predicting pres- 
sure drop to within +10 percent for the flow of a 
single fluid of known viscosity and density through 
a bed of standard grade activated bauxite or fuller’s 
earth of experimentally determined equivalent par- 
ticle diameter. Because the rate of fluid flow through 
beds of adsorbents usually is limited by the contact 
time necessary to maintain optimum adsorption, 
data were not obtained to extend the relation far into 
the so-called turbulent range. However, it is inter- 
esting to note that the over-all change from stream- 
line to turbulent flow is a gradual one as might be 
suggested by the tortuous nature of fluid flow 
through irregular granular materials. The excellent 
correlation of data representing three fluids of differ- 


PRESSURE DROP FOR NAPHTHA FLOW 
THROUGH BEDS OF ACTIVATED BAUXITE 


| 5-19 


6 7.8. 1.0 





PRESSURE DROP - POUNDS PER S$Q. IN. PER FT. OF PACKING, 


FIGURE 3 
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PRESSURE DROP FOR GAS FLOW 
THROUGH BEOS OF GRANULAR ADSORBENTS 


O- EXPERIMENTAL DATA ON BAUXITE 

O- PUBLISHED DATA ON ALUMINA 

X~POINTS CALCULATED FROM 
FRICTION FACTOR PLOT - FIG. V. 


SUPERFICIAL LINEAR VELOCITY OF GAS - FEET PER MINUTE 
o 


/ 


/ 


ent viscosity and density confirms previously ac- 
cepted uses of dimensional analysis for interpreting 
results. The only variable likely to introduce error in 
the use of these data for industrial equipment operat- 
ing with any fluid is the degree of bed packing. 


Here it must be borne in mind that the correlation is’ 


based on lowest percentage void content. In practice 
it is not always expedient to obtain such conditions, 
but in any event the actual pressure drop will be less 
than that calculated. 


It should be recalled that certain assumptions and 
simplifications have been made in the handling of 
calculations. Actually no error of any magnitude has 
been introduced with the present data, and therefore 
the relation between friction factor and Reynolds 
number can be considered accurate. However, in all 
cases it should be remembered that pressure drop is 
related to friction loss as shown in equation (2), 1.e., 
by a differential equation-combining the mechanical 
energy balance and the Fanning equation. Therefore, 
for considering a particular problem it would be well 
to start with equation (2) and make simplifications 
wherever applicable. This in no way limits the use 
of friction factor vs Reynolds number curve. 

The treatment developed in this paper may be 
illustrated by considering, for example, a two-tower 
system filled with 4/8 mesh bauxite drying natural 
gas, chiefly methane, at 80° F. and 200 pounds per 
square inch line pressure. Assume that the superficial 
linear velocity of the gas through the adsorbent bed 
has been set at 30 feet per minute. The optimum rate 
must be based on a knowledge of the moisture con- 
tent of the wet gas, the moisture content desired, and 
the dry gas capacity of the bauxite used’. For a pre- 
liminary calculation of pressure drop per foot of 
packing, assume that the perfect gas laws can be used 
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PRESSURE DROP - INCHES OF WATER PER FOOT OF ADSORBENT 
FIGURE 4 





for determining the gas density at the operating con- 
ditions. 


Then 
3 an —_ 214.7 
eo (<3 (Za ( 14.7 ° 
Vis. of methane = .012 centipoise 


V.'= 30 ft./min. = .5 ft./sec. 
Go = (.5) (.594) = .2970 Ibs./(sq. ft.) (sec.) 


DpGo (.11) (.2970) 
u (12) (.012) (.000672) 


= .504 Ibs./cu. ft. 





Re= = 338 


From the curve, f= 8.3 


Th AP _ 2G," 
mia. 3 ~~ Dpgep 





(2) (8.3) (.2970)?(12) 
(.11) (32.2) (.594) (144) 





= .058 Ibs./sqin. per foot of bed. 


_ (0618) (29.9) (13.6) 
ne 14.7 





= 1.61 in. H:O/ft. of bed. 


From this preliminary calculation it is evident that 
the change in gas density will be very small, since the 
pressure drop is small. Assume that the tower is 
packed 20 feet. Then the overall pressure drop will be 


(20) (.058) = 1.16 Ibs./sq. in. total 


For a more accurate calculation, the actual density of 
the wet gas at the operating conditions should be 
determined or calculated from data on hydrocarbons 
at high pressure, and then the average density to be 
used in the above calculations figured from the pre- 
limjnary pressure drop determination. 
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FRICTION FACTOR vs. REYNOLDS NUMBER 


FOR FLOW OF FLUIOS 
THROUGH BEDS OF GRANULAR ADSORBENTS 
ie 
7 enge SS 
ul Dp 9c Pave. * 144 
AP = PRESSURE LOSS THRU ADSORBENT BEO —LBS. PER SQ IN. 
Dp= EquivALENT SPHERICAL PARTICLE DIAMETER - FEE 
e- NEWTON CONSTANT — 32.2 . 
e= SUPERFICIAL MASS VELOCITY —L8S./SEC./ SQFT 
L= DEPTH OF ADSORBENT BED — FEET 
f= FRICTION FACTOR 
Pua AVERAGE FLUID DENSITY - L8S PER CUFT 
= AVERAGE FLUIO viscosity — Las/rt./sec 
K = CENTIPOISE x 0.000672 
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VALUES OF Dp 
Bauxite FuLcer's EARTH 
MesH Size| Dp-Fr. | Mesh Size! Op.-Fr 
4-8 .009! 4-8 .00960 
8-14 .0054 8-14 -00475 
10-20 0028 | 14-20 .00325 
20-60 -0008 30-60 .00110 
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Polymerization 
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General Petroleum Corporation 


ft eiciernee and polymerization were the earliest 
to be developed and are the most widely used of all 
the chemical processes for gasoline manufacture. 
Both have increased the quality as well as the quan- 
. tity of gasoline obtainable per barrel of crude oil. 
Cracking is essentially a molecule- -splitting process. 
Polymerization, on the other hand, is a molecule- 
m joining process. Polymerization unites gas molecules 
to form the larger molecules of gasoline. The re- 
. action by which this synthesis occurs and the various 
means by which it is brought about in oil refineries 
are discussed in this article. 
* * 

While polymerization italy refers to a type of 
chemical reaction, the refiner has applied the term 
specifically to a group of processes which employ the 
reaction in the conversion of cracked gases to gaso- 
line. Some of these are classified below: 

Thermal Polymerization Processes 
Unitary process 
Multiple coil process 
Gas reversion or polyforming 
Catalytic Polymerization Processes . 
“Solid phosphoric acid” process 
Sulfuric acid process 
Pyrophosphate process 
Clay process (Houdry) 

In deciding which type of polymerization is to be 
preferred in a particular case, some factors which 
are of importance are: the nature of the available 
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feed stock, the intended throughput of the plant, the 
importance of flexibility in operation, and the par- 
ticular nature of the desired product. One cannot say 
that this process is more ecoriomical than that with- 
out reference to the particular situation for which it 
is intended. For this reason we shall consider the 
chemistry of polymerization in this article, and hope 
that the relative economics of the processes will be- 
come clearer as the processes themselves become so, 


Some Important Terms 
Because the reaction of polymerization had been 
familiar to the chemical profession long before its 
adoption by ‘the oil industry, many terms are used 
in its description which have not been widely used 
by oil men. Some of these are defined here. 
Monomer: The original polymerizing substance, con- 


‘tained in the “poly” plant’s charge stock, is referred to 


as the monomer. 

Dimer: When two monomer molecules are. joined by 
the polymerization reaction, the product formed is 
called a dimer. 

Dimerization: When the extent of polymerization is 
limited to the formation of dimer, the term dimeriza- 
tion is often used instead of polymerization. 

Trimer: The product formed when three monomer 
molecules are polymerized together is called a trimer; 
the process, trimerization. 

Polymer: If, as is the case with most commercial 
processes, the product contains dimer, trimer, and. even 
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larger molecules, the indiscriminate term “polymer”. is 
used. 
Low and High Polymers: To distinguish between 
polymers whose molecules are made up of only a few 
monomer molecules, and those whose molecules contain 
hundreds or thousands of them, the terms “low polymer” 
and “high polymer” are used. Polymer gasoline is a low 
polymer while synthetic rubber and plastics are some 
high polymers now manufactured from petroleum de- 
rivatives. Certain fundamental differences justify the 
separate consideration of low and high polymerizations ; 
and because the petroleum industry is concerned directly 
only with the former, this article is likewise so limited. 
Interpolymer : (Also copolymer, codimer, etc.) : While 
polymerization applies rigorously only to the union of 
like monomers, the charge stocks to all commercial 
polymerization plants contain a mixture of very similar 
monomers which may, under proper conditions, react 
with each other to form “interpolymers” or “‘codimers.” 
In fact, interpolymerization is the rule rather than the 
exception in polymer-gasoline production. 


The Polymerization Reaction 


What happens when a substance polymerizes is 
described by the chemist in the form of a chemical 
reaction. Figure 1, for instance, is the chemical way’ 
of saying that propylene can dimerize to give a 
“hexylene.” 


CHz 
’ 
CHz-CH=CH3 + CHp=CH-CHz =--—- CHz-CH-CH=CH-CHz 


FIGURE 1 


The product of this reaction is a valuable con- 
stituent of gasoline while propylene is found in the 
waste gases from cracking. Hence, the dimerization 
of propylene might conceivably form the basis of a 
successful commercial process. Similar reactions can 
be written to describe the dimerization of some other 
hydrocarbons. 

In no commercial process, however, is a single 
purified monomer charged to a polymer-gasoline 
plant. In some cases a separated fraction, containing 
for example just the four carbon hydrocarbons, is 
charged. However, the more usual practice is to take 
an entire refinery gas cut such as the stabilizer over- 
bead of a cracking unit. In this case there are present 
several gases which may dimerize in a fashion anal- 
ogous to that pictured in Figure 1. Further, the for- 
mation of codimers between any two of the different 
reacting gases must be considered. Each dimerization 
and codimerization reaction proceeds at its own pace 
(more precisely, its own “specific reagtion rate’), 
competing for the available monomers until the 
period of reaction is terminated. But as the concen- 
tration of dimer builds up, there is an increasing 
tendency for the dimer molecules to combine with 
the remaining monomer in secondary reactions which 
likewise beget tertiary reactions and so on until poly- 
mers beyond the size range of gasoline molecules are 
produced. The reaction time must be limited to avoid 
excessive formation of this “heavy polymer.” 


What Will Polymerize 


Having enjoyed a glimpse into the reactor of a 
polymerization plant, let us now turn our attention 
to the polymerization feed stock. 

The paraffin hydrocarbons, which are found in 
natural, uncracked petroleum, do not polymerize 
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under any condition. However, much of the paraffin 
content of petroleum is transformed by cracking into 
polymerizable substances, the “olefins.” The chem- 
istry of this useful conversion is based upon two 
general reaction types which are illustrated in Figure 
2, for the case of ethylene formation. 


CHz-CHz ase CHo=CH > + Ho 
Dehydrogenation 3 


CHz-CHo-CHz ---- CHo*CHo * CH 
hey Hie ame 4 
. Splitting 
FIGURE 2 


Ethylene is the simplest member of the olefin class 
of compounds. All the gaseous olefins and correspond- 
ing paraffins that are found in significant amounts 
in polymerization charge stocks are classified, with 
their boiling points, in Figure 3. 


OLEFINS PARAFFINS 


CH,*CH, 


Ethylene (-155°Fr) 


CH,-CH, 
Ethane (-127°F) 


CH,=CH-CH., 


Propylene (-54°F) 


a Bes Ie 


Propane (-48°F) 


CH=CH-CH..-CH., 
-butylene (23°F) 
ys 


CH.,~CH=CH-CH Normal butane (31°F) 


3 
-butylene (35 F) 


ti oi 


CH, =C-CH., CH, ~CH-CH,, 


Isobutylene (21°F) Isobutane (14°F) 
FIGURE 3 


The distinctive feature of olefinic structure is evi- 
dently the “C=C” or “double bond” configuration, 
and many characteristic reactions of olefins arise 
directly from the influence of this bond. Such a re- 
action is polymerization. 

The process of polymerization, originally designed 


- to use up the by-product:gases from cracking plants, 


has become so valuable a source of high-quality fuel 
that cracking is sometimes carried out solely to 
make polymerizable gases. In such a case natural 
gases are charged to the cracking coils instead of 
heavy oils, and the temperature employed is con- 
siderably: higher—around 1300° F. This cracking 
process, ordinarily termed “gas. pyrolysis,” will be 
discussed in connection with thermal polymerization. 

An alternate method by which olefins may be 
manufactured from natural gas is catalytic dehydro- 
genation. Because no splitting reactions (Figure 2) 
take place in this method, a much higher yield of 
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olefins may be obtained than would be possible by 
pyrolysis. 

The polymerization of olefins is effected in proc- 
esses differing so widely in operation that it is felt 
less confusing to present further remarks in con- 
nection with specific types of polymerization. The 
first type to be described comprises the thermal 
methods,***° all of which, from the chemical point of 
view, are basically only modified cracking processes. 
Two of the catalytic methods are treated in some de- 
tail, the “solid-phosphoric-acid” method*®*? and the 
sulfuric-acid method.** They are discussed separately 
because fundamentally different technical problems 
are encountered in the two widely distinct types of 
operation. 

Thermal Polymerization 


Customarily the term “thermal polymerization” is 
applied to any non-catalytic method by which liquid 
products are obtained from hydrocarbon gases. As a 
matter of fact, none of these methods is clear-cut 
polymerization as described in Figure 1, for at the 
high temperatures required for non-catalytic conver- 
sion of gases other reactions occur to a very signifi- 
cant extent. The gasoline from thermal polymeriza- 
tion contains, in addition to the olefinic polymers, 
naphthenic, aromatic, and paraffinic molecules, Some 
of the naphthenes, which are formed by cyclization of 
polymer molecures, are readily dehydrogenated to 
the corresponding aromatics. Aromatics may be pro- 
duced also by a cyclic combination of further de- 
hydrogenated monomer olefins. The hydrogen pro- 
duced in aromatization reactions is free to hydro- 
genate olefinic polymers, yielding the corresponding 
paraffins. 

By adjusting the conditions of the process, a cer- 
tain reaction type may be favored over the others. 
High pressure favors polymerization while low pres- 
sure and a somewhat higher temperature favor de- 
hydrogenation. Since dehydrogenation is chemically 
the most difficult step in the aromatization sequence, 
the conditions that favor dehydrogenation generally 
favor aromatization as well. For example, a process 
designed to produce olefinic gasoline operates at 950° 
to 1100° F. and over 1000 pounds pressure, while a 
process for manufacturing aromatics converts the 
same feed stock at 1200° to 1300° F. and less than 100 
pounds pressure. 

The temperatures involved in thermal conversions 
of olefinic gases are so high that one should expect 
some pyrolysis of the paraffins always present in 
polymerization feed stocks. The paraffinic gases do 
react, by splitting and dehydrogenation (Figure 2), 
to yield polymerizable olefins. By continually re- 
cycling the non-reacted paraffin gases a good yield 
of polymer may be obtained even from totally paraf- 
finic charge. It must be emphasized, however, that 
polymer is formed much more readily from a highly 
olefinic charge stock than from one which is low in 
olefins. This is true not only because the initial pres- 
ence of olefins precludes the need for a preliminary 
paraffin pyrolysis, but especially because olefins are 
innately more reactive than paraffins. Two of the 
paraffins, methane and ethane, are so resistant to 
thermal decomposition that they do not react at all 
under conditions met with in commercial processes. 
Obviously, these gases should be eliminated from 
Tecycle stock. 

Aromatization and condensation reactions which 
lead to tar are favored by the high temperature re- 


July, 1944—_A Gulf Publishing Compa-y Publication 





quired for effective cracking of paraffins as well as 
the extended time required for polymerization. For 
this reason tar formation presents a major problem 
in the design and operation of a process in which both. 
splitting and polymerization occur simultaneously 
(the “Unitary Process”), If the conversion per pass 
is kept very low (which means a high recycle ratio 
in commercial operation) these condensation re- 
actions may be stopped before large tar molecules are 
formed. Quenching at the furnace outlet also serves 
this purpose. 

Control of the thermal polymerization reactions, 
and especially those involved in the formation of tar, 
is facilitated if a two-step process is used. A paraf- 
finic charge stock is first submitted to a short, high- 
temperature, low-pressure pyrolysis step; then to a 
separately controlled, more extended polymerization 
step at suitably high pressure and somewhat lower 
temperature. If the feed contair. olefins, it may be 
judicious to remove them by some kind of polymeri- 
zation before the pyrolysis step, since their greater 
reactivity could result in extensive tar formation 
within the time necessary to obtain an economical 
conversion of paraffins. Different types of operation 
may be combined in such a “multiple coil” process 
to give the desired type of product. 

The equipment used for thermal polymerization is 
similar to that employed in conventional cracking in- 
stallations, although the more severe conditions en- 
countered increase the initial cost of the polymeriza- 
tion plants. 


A new technic permits the polysiesientian of a 
limited supply of olefinic gases without any separate 
polymerization unit. The gases are dissolved under 
high pressure in the charge to a reforming unit and 
converted simultaneously with the cracking of the 
reforming stock. This combination process, which 
takes advantage of the fact that conditions favorable 
to polymerization. are employed in reforming, is 
called polyforming or gas reversion. Since reforming is 
not carried out at temperatures high enough for ap- 
preciable pyrolysis of paraffinic gases, the yield of 
polymer from the gases is restricted by their initial 
olefin content. 

Catalytic Polymerization 


Under the influence of a suitable catalyst, the con- 
ditions required to effect polymerization of olefins 
are much less severe. A catalyst is a foreign material 
whose mere presence in contact with reacting sub- 
stances is sufficient to increase their reactivity. This 
increase in reactivity is evidenced, in the case of the 
polymerization reaction, by a lowering of the tem- 
perature required to effect a given rate of reaction. 
Furthermore, the nature of the polymerization re- 
action is such that at the lower reactor temperature 
permitted by the catalyst, the pressure required to 
maintain a given yield is much less. A catalytic 
polymerization plant operating at 500° F, employs a 
pressure of 200 to 300 pounds, whereas a thermal 
polymerization plant, at 1000° F., requires over 1000 
pounds pressure to yield comparable results. 

The mechanism of the catalysed reaction appears 
to be fundamentally different. Ethylene, which is 
the most reactive olefin with respect to. thermal 
polymerization, is the least reactive in catalytic proc- 
esses. Of the other gaseous olefins, isobutylene’is the 
most reactive, propylene is next, and the normal 
butylenes are least, Paraffinic gases, being unaffected 
by the polymerization catalysts, do not react at all 
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under the conditions encountered; they act only as 
diluents of the olefinic fraction of the feed. 

The study of catalytic-polymerization reactions 
has been extensive because of the comparatively 
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is shown. Without any change in the size of the 
molecule, a very great improvement in the knock 
rating is obtained. 





r=} 
° 
onl 
3 
@ Qn CHs be & 
2 CH.=CH-CH, CH, > CH=C-CH, i 2 
c BR atte g 
. o is °o ’ 3; 3 © 
Octane No. = -17 er CHz = CH, O—CH-CH +: 
$8 Boon: 4 
CH. CH CHCH,—> CH. CH=CH-€H., + Ho 3 
Octane No. = lf 
FIGURE 5 


moderate conditions under which they may be car- 
ried out. For this reason, we know more about cataly- 
tic polymerization than we do about the apparently 
less complicated thermal reaction. 

We can, for instance, predict exactly how two 
olefins are most likely to join each other, and con- 
sequently, what sort of product should be expected. 
As an example, consider the dimerization of isobuty- 
lene, which might conceivably result in, among 
others, any of the three dimers illustrated in Figure 
4. However, experience tells us to expect almost en- 
tirely the second compound (2,2,4-trimethyl pentene). 

Gis CH * 
CHz -C=CH-CH>-CH-CH, 


2, 5-dimethy1-2-hexene 


, CH CH. 
. +o 49 
CH, 


2,4,4-trimethyl-2-pentene 
"is0-octane" 
FIGURE 4 


A set of rules for predicting just what products 
are formed in any dimerization or codimerization has 
been drawn up by Wachter.® He points out that one 
must consider not only the different dimerization re- 
actions, but also the possible structural rearrange- 
ments (isomerizations) of both monomer and dimer, 
in order to explain some products. 

One may ask what difference it makes anyhow, 
which dimer predominates in the product. The answer 
is evident when the dimers formed from the same 
monomer by different reactions are compared, for 
they frequently differ widely in octane number. For 
instance, the octane numbers of thoSe dimers illus- 
trated in Figure 4, after hydrogenation to paraffins, 
(since data is not available for the olefins themselves) 
are 52, 100, and 103 respectively. 

Although the predominating dimer from a par- 
ticular monomer may not be the most valuable that 
could conceivably be formed, the tendency is for a 
high degree of branching, and therefore, a distinctly 
superior product. This explains the advantage in 
carrying out the sequence, cracking—polymerization 
—hydrogenation, to make a high-quality’ aviation 
blending stock. In Figure 5, for example, a series of 
reactions by which a normal octane molecule might 
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In connection with this diagram, it should be re- 
marked that the first three steps, splitting, isomeriza- 
tion, and dehydrogenation, may all take place in one 
operation, that of catalytic cracking; and further- 
more, that they may proceed in other sequences than 
the one indicated. 

Hydrogenation 

For blending in motor gasoline, the stabilized poly-, 
mer may be suitable directly, or after redistillation, 
if excessive amounts of heavier polymers are present. 
However, the polymer must be hydrogenated before 
it will pass the gum specifications for aviation gaso- 
line. Hydrogenation, which converts the olefinic poly- 
mer molecules to corresponding paraffins, is per- 
formed catalytically by various processes. A polymer 
of high quality and uniformity is manufactured es- 
pecially for hydrogenation by the so-called “selective” 
methods of polymerization. The octane number of 
this polymer is raised from 85 to around 97 by hy- 
drogenation. This may appear .surprising to those 
who have come to associate olefins with higher octane 
ratings, but it is a fact that, among the most highly 
branched hydrocarbons, the presence of a double 
bond may actually decrease the octane rating. 


Selective Polymerization 


The selective methods charge a “B—B” (butanes 
and butylenes) cut which is obtained, by absorption 
or fractionation, from the refinery’s cracked gases. 
The dimerization of isobutylene and the codimeriza- 
tion of isobutylene with normal butylene are brought 
about at conditions unfavorable toward dimerization 
of normal butylene. The latter reaction is not desired 
because it leads to a dimer of inferior octane rating. ? 

The term “codimer” is often used for the specific 
codimer of isobutylene with normal butylene. Since 
this material is but slightly inferior to diisobutylene, 
and since twice as much codimer as diisobutylene can 
be made from a given amount of isobutylene( the 
supply of which is almost always a “bottleneck”), 
the attempt is usually made to induce as much inter- 
polymerization as possible. Interpolymerization is 
favored by a high ratio of normal butylene to is0- 
butylene in the reacting mixture, and this may be 
obtained by recycling the spent gases and by main- 
taining a concentration of absorbed normal butylene 
in the catalyst. 

Heat of Reaction 

Although energy is required to induce polymeriza- 
tion, the energy given off as the reaction takes place 
more than compensates for it. This heat of reaction 
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be converted into a highly branched octane molecule | 
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is hardly noticeable in the high-temperature thermal 
methods, but it is a most important factor in catalytic 
methods. 

Heat of the reaction may increase the temperature 
in the reactor of a catalytic plant far beyond its op- 
timum value, so some means for removing excess 
heat is required.. The methods of heat removal! in 
commercial practice include dilution of the feed by 
inert materials, such as recycled paraffinic gases; 
admission of an inert cooling fluid directly into the 
reactor; and circulation of a cooling fluid through or 
around the reactor in coils or jackets. Good tempera- 
ture control in the jacketed type reactor may be ob- 
tained by maintaining such a pressure on the jacket 
that the coolant boils at the temperature desired, thus 
absorbing heat with no change in temperature. The 
heat that is removed may be utilized to any extent 
considered practical—to preheat the feed to the re- 
actor, for example. 


Sulfur 


An appreciable quantity of hydrogen sulfide (H,S) 
is usually present in polymerization feeds. Under the 
influence of the catalysts, this substance reacts with 
olefins to form mercaptans, according to reactions of 
the type illustrated in Figure 6. 


SH 
' 
hydrogen isopropyl 
sulfide propylene mercaptan 
FIGURE 6 


Since mercaptans affect the lead susceptibility of 
gasoline most adversely, their elimination is desir- 
able. And since removal of hydrogen ‘sulfide from 
gases is far simpler than removal of mercaptans from 
gasoline, the feed stock is treated before polymeriza- 
tion. Several methods based on reversible absorption 
in an alkaline solution are available for the removal 
of hydrogen sulfide from a gas stream. 


“Solid-Phosphoric-Acid” Polymerization 


Polymerization by the “solid-phosphoric-acid” 
method is carried out at about 450° F. and at 200 to 
500 pounds pressure. Under these conditions, poly- 
merization of propylene and of the butylenes is-_prac- 
tically complete, while almost three fourths of the 
ethylene remains unreacted. As the temperature is 
raised, within limits.set by the catalyst, the yield of 
polymer increases, while the octane number tends to 
decrease. This is principally because those monomers 
which react more extensively at the lower tempera- 
tures are the ones which yield the more desirable 
polymers. 

The product from solid-phosphoric-acid polymeri- 
zation consists primarily of those dimers and trimers 
which would be predicted if only the type: of re- 
action pictures in Figure 1 were to occur. Also, how- 
ever, significant amounts of naphthenes, aromatics, 
and paraffins are formed as the result of such sec- 
ondary reactions as cyclization, aromatization, and 
hydrogenation, The same sort of thing goes on more 
extensively in thermal polymerization, and the re- 
actions were discussed earlier in that connection. 


There is*® a propitious inclination of the least valu- 


able polymers toward aromatization, and of the most 


valuable, toward hydrogenation ; both reactions which 


«tend to increase the final octane number of the 
product. sete sures wer | 

The conditions for selective operation with phos- 
phoric-acid catalyst are a temperature maximum of 
around 340° F., at 600 to 700 pounds pressure, The 
feed must be preheated to somewhat above 260° F. to 
obtain a sufficient rate of reaction, as well as to pre- 
vent damage to the catalyst from excessive hydra- 
tion. The permissible temperature rise,’ then, is com- 
paratively small and proper heat removal is most 
important. In the selective method, cyclization and 
aromatization reactions are of negligible importance, 
and the product is essentially a mixture of dimer with 
perhaps 10 to 20 percent of trimer. 

The catalyst in this process is phosphoric acid 
(H,PO,) which has been impregnated into a pelleted 
“carrier” of inert material. In a typical installation, 
the catalyst is contained in vertical bundles of tubes 
surrounded by a cooling medium; an arrangement 
resembling a large heat exchanger. There are usually 
several individual reactors so that one can be by- 
passed for regeneration or refilling without stopping 
the operation completely. 

Regeneration may become necessary from time to 
time for the removal of a deposit of carbonaceous 
material that accumulates on the catalyst and grad- 
ually impairs its activity. 

During the high-temperature regeneration step, 
the phosphoric acid is dehydrated to an inactive form 
by the reaction shown in Figure 7. 


one he 

HaPO, —_— HPO. . + H,0 

ortho- meta- 

form form water 
FIGURE 7 


This reaction may be reversed by blowing the 
catalyst with steam for a few hours, after which the 
catalyst has regained its activity. Throughout the 
on-steam period, inclusion of a few percent of steam 
with the feed gases curbs any tendency toward de- 
hydration of the acid, provided the reactor is not 
allowed to overheat. On the other hand, if the tem- 
perature drops too low, excessive hydration may lead 
to physical collapse of the carrier. This becomes im- 
portant only in selective operation where the catalyst 
temperature may be as low as 260° F. and the. water 
content of the feed must be limited carefully. 

There is another process, very similar to this in 
design and conditions of operation, which substitutes 
copper pyrophosphate (Cu,P,O,) for phosphoric acid. 
An interesting practice in this method is to control 
the temperature in the reactor by spraying liquid 
recycle over stacked beds of catalyst. 


Sulfuric-Acid Polymerization 


Despite the marked chemical similarity between 
sulfuric-acid polymerization and phosphoric-acid 
polymerization, the commercial processes employing 
these catalysts have very little in common. The 
sulfuric-acid methods charge a liquefied hydrocarbon 
fraction (containing the butylenes and butanes), and 
contact it with a solution of sulfuric acid. The acid is 
continuously recirculated, and make-up acid is added 
to maintain an effective strength of around 70 per- 
cent. The flow might be compared with that of an 
acid-treating plant. 

The original sulfuric acid method, “cold-acid poly- 
merization” is a two-step process for synthesizing di- 


103 


{257} 














isobutylene. The first step, absorption of isobutylene 
by the acid phase, is brought about by a chemical re- 
action between isobutylene and the acid which yields 
an acid-soluble product. For qualitative understand- 
ing of the process this reaction may be considered 
to proceed as described in Figure 8, although the ab- 
sorbed isobutylene is assumed’? to exist predomi- 
nantly in the form of an “alcoxonium” ion (C,H,OH’,). 


i‘ a 
CH2=C + Hp80, —_ CHz~-0-080,H 
CH, ; CH 
Absorbtion 

FIGURE 8 


By the use of two countercurrent absorption stages, 
about 90 percent of the isobutylene may be absorbed 
without appreciable absorption of the hydrocarbons. 
Because of the rather large evolution of heat in the 
absorption reaction, refrigeration is required in order 
to keep within the optimum temperature range, 
around 75° to 100° F. At the higher temperatures the 
rate of absorption is greater, but the possible degree of 
absorption is less and this is the limiting factor in 
practice. 


“Selection” of the isobutylene is effected when, fol- 
lowing absorption, the acid phase is allowed to settle 
out and is separated. This acid mixture is charged 
to the second step in the process, where the polymeri- 
zation itself takes place. The “polymerizer” is simply 
a reaction chamber capable of being  uniformiy 
heated, by steam, to around 210° F. As the acid mix- 
ture is brought to this temperature, the reactions 
shown in Figure 9 occur, and the product, diiso- 
butylene, is removed as a separate phase. 


CH CH CH, CH 
oe, OH, oe 
Cly-C-OS03H + H-CH,-C-0S0,H —> CH,-C-CH2-0-080,H 
CH, CH. CH, CH, 
CH, CH; CH, 


' 


' 
CH, CH, CH, CH, 
Dimerization 
FIGURE 9 


Diisobutylene is hydrogenated to “iso-octane,” 
which has an octane rating of 100 and sufficiently 
low gum-forming tendencies that it is suitable for 
use in aviation fuels. When the hydrogenated codimer 
of isobutylene and normal butylene was observed to 
be only slightly inferior to pure iso-octane in anti- 
knock tendencies, a possibility of doubling the yield 
from a given quantity of B-B feed without materially 
affecting the quality led to the development of the 
hot-acid process. Except for’ special purposes, this 
method has completely supplanted the earlier type. 

The term “hot acid” is used because of the higher 
temperature, 170° to 200° F., at which the feed is 
contacted with acid. At this temperature the absorp- 
tion is no longer selective, for both normal and iso- 
butylene are absorbed. Furthermore, the absorbed 
butylenes codimerize immediately, precluding the need 
for a subsequent polymerizer. But why are not the 
respective dimers of normal and isobutylene formed, 
as well as their codimer? The answer, in the case of 
normal! butylene, is simply that this reaction requires 
a higher temperature than that maintained in the 
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process. In the case of isobutylene, however, we must 
resort to a different explanation, for-isobutylene ac. 
tually forms its dimer somewhat more readily than 
codimer. This explanation depends on the fact that a 
relatively high concentration of absorbed normal buty 
lene is built up; this is to be expected in view of t 
fact that normal butylene is almost invariably present 
in excess in B-B feeds. Although newly absorbed 
isobutylene molecules would prefer, shall we say, to 
pair up with other isobutylenes, the normal buty- 
lenes are so much more plentiful that few isobuty- 
lenes succeed in holding out long enough. ' 

There are some interesting points of comparison 
between cold-, and hot-acid polymerization. In the 
earlier method, there is a maximum extent of absorp- 
tion, a “saturation” effect, which may mean that 10 
percent of the isobutylene cannot possibly be ab- 
sorbed under the conditions prevailing in the com- , 
mercial process. Such a limit is not even approached 
in the hot-acid plant, because the isobutylene reacts 
as quickly as it is absorhed. 

Another problem arising in the cold-acid process 
is trimer formation. As the dimer separates out in 
the polymerizer section it remains, for a time, in 
contact with the acid phase. In this period, some of it 
is reabsorbed by the acid, whereupon it may react 
with the absorbed isobutylene to give trimer. To be 
sure, this tendency is present in hot-acid polymeriza- 
tion, but here the separating dimer is diluted by the 
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large hydrocarbon phase that remains in contact with wen 
the acid throughout the process. This dilution tends es es 


to keep dimer away from the acid, and a 10 to lb Of the 
percent decrease in trimer formation results. 


In either sulfuric acid process, some dissolved and bo M 
entrained acid and alkyl sulfates remain in the prod- . bt 
uct. A simple caustic wash suffices to remove the eo 

free acid, although the sulfates must be first § ha 
hydrolyzed, by heating with steam, to ee 

+ H,80, aj 99 , preatel 
2°~4 “break loose” the acid. his pr 


In conclusion, it might be suggested that fiion w; 
the mechanism of acid catalysis described Bourse, 
by Figures 8 and 9 is applicable to the Batalyt 
hot-acid method, and the phosphoric acid fie ja: 
method (if phosphoric acid is substituted fieeded 
for sulfuric acid in the reactions). It is well fubber 
to bear in mind, however, that this scheme fiutyler 

is but a convenient simplification. Under various Bya pr 
conditions the nature of the reactions may change, fal bu 
and several different mechanisms have been postu- When - 





lated!3.1415.16 for particular situations. Xclusii 
re 
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standpoint, is butylene. It is an olefin having a 
themical formula C,H, and exists in two forms de- 
pending upon the arrangement of the carbon and 
hydrogen atoms in the molecule. If the carbon atoms 
are arranged in a straight-chain structure it is called 
‘ormal butylene” and if arranged in a branched 


specific chemical and physical properties to be differ- 
ent compounds and to be used for different purposes. 
Of the two, isobutylene is considerably more reactive. 
he principal source of butylene is the cracking 
pperation carried on in refineries and may be one of 
the older thermal type of processes or one of the 
ewer catalytic-cracking processes. Catalytic crack- 
ng has become the preferred source because of the 
beater yield of butylenes that can be obtained by 
his process. The butylenes are produced in conjunc- 
ion with other products from the process and are, of 
ourse, not the whole products but many of the 
atalytic-cracking units have been installed during 
he last few years primarily to provide butylenes 
weded for the 100-octane gasoline and the synthetic- 
bber programs. Cracking is not the only source of 
butylene since some normal butylene is also produced 
by a process in which hydrogen is removed from nor- 
al butane through the use of a suitable catalyst. 
Vhen this method is used the operation is carried on 
xclusively for the production of butylenes as there 
te no other products of importance from this 
eration. 

In the 100-octane gasoline program both normal, 
nd isobutylene are used for making aviation alyklate 
ni hydrocodimer. Butylene alkylate, the backbone 
ithe 100-octane gasoline program, is-made by com- 
ining either normal butylene, sobutylene or a mix- 
te of the two with isobutane. In common with a 
eat majority of chemical syntheses, the presence of 
suitable catalyst is necessary for the reaction: to 
tke place. The product obtained from the union of 
ttylenes with isobutane is called “alkylate” and after 
tification by distillation is ready for use as a high- 
tame component in 100-octane gasoline. If a mix- 
ire of normal butylene and isobutylene is placed in 
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\cid,” ‘Pontact with an appropriate catalyst the isobutylene 
ns in Pll unite with the normal butylene to form what is 
ns by OWN as “codimer.” This codimer is subsequently 
ne by plverted to hydrocodimer by hydrogenation in’ 





hich form it is a high-octane component suitable for, 
fin 100-octane gasoline. Both alkylate and hydro- 
No. 7Pimer are products that are essential in the manu- 
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thetic chemical production, especially from a volume’ ’ 


thain it is called “isobutylene.” In many respects’ 
these two forms are similar but differ enough in 





Chemicals from Petroleum 


An extract from the paper of H. D. Wilde, Humble Oil & Refining 
Company, before the regional meeting of the American Institute of 
Mining and Metallurgical Engineers, Houston, May 8, 9 and 10, 1944 


facture of 100-octane gasoline_because of their octane 
rating and because they possess the proper boiling 
range. 

Alkylate and hydrocodimer are generally not 
classified as synthetic chemicals because they usually: 
are blended into 100-octane gasoline as the end prod- 
uct at the place where they are produced and because. 
in the past they have not been made by chemical com- 
panies and marketed as chemical products. They 
have, nevertheless, as much right to be called syn- 
thetic chemicals as ethyl alcohol or acetic acid. 
Security regulations do not permit disclosure of the 
rate at which these products are made but it can be 
stated that never in history have synthetic organic 
chemicals been made on the scale that these com- 
ponents of the 100-octane gasoline are being made 
today. 

Normal butylene is of primary importance in the 
synthetic-rubber program since it will be used in 
making two thirds of the butadiene required for the 
GR-S type of synthetic rubber, the other third being 
made from grain alcohol. The program calls for a 
total synthetic-rubber production of 850,000 long tons 
(950,000 short tons) per year, and butadiene produc- 
tion is scheduled at the rate of 690,000 short tons per 
year. Thus on a tonnage basis, butadiene from petro- 
leum is equal to 48.5 percent of the total program. 


‘The chemical formula for butadiene is C,H, which 
differs from that of butylene, C,H,, having two less 
hydrogen atoms in the molecule. By removing two 
hydrogen atoms from’a molecule of butylene employ- 
ing a process of catalytic dehydrogenation, butylene 
is converted to butadiene. Only normal butylene, 
with the four carbon atoms in a straight chain, will 
serve for this conversion, since in butadiene the four 
carbon atoms are also arranged in a straight chain. 
In cracking operations normal butylene is always 
produced in admixture with isobutylene and hence 
one of the essential steps in the manufacture of 
butadiene is the removal of the isobutylene from the 
mixture. This is accomplished by a chemical process 
that depends upon the greater chemical reactivity of 
the isobutylene. The product obtained in this process 
can be and generally is converted into a high-octane 
blending agent. “ 


The isobutylene removed from the mixture is the 
source of the raw material used in the manufacture 
of butyl rubber. Inasmuch.as butyl rubber is the re- 
sult of combining isobutylene with lesser quantities 
of isoprene, both of which are obtained from petro- 
leum, butyl rubber is a product derived entirely from 
petroleum. . 
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_ The Synthesis of Lubricants 


from the 


Fischer-Tropsch Process 


PART 1 


F. FISCHER and H. KOCH 
(Translated from “Brennst.-Chemie,” Vol. 14, P. 463-468) 


As IS well known, the Fischer and Tropsch process 
for synthesizing petroleum from carbon monoxide 
and hydrogen furnishes gaseous, liquid, and solid 
hydrocarbons which are composed almost exclusively 
of hydrocarbons in the paraffin and olefine series.’ 
The main product of this reaction is a mixture of 
liquid hydrocarbons whick by distillation, furnishes 
motor fuel designated as kogasin I and a gasoil frac- 
tion, kogasin II. The residue obtained in this distilla- 
tion is primarily Solid paraffin wax. Nowhere in the 
distillaton of the original raw material are fractions 
obtained which have viscosity or which can be classi- 
fied as lubricants similar to petroleum lubricants. 
This fact is easily explained by the composition of 
the raw material since it is composed of hydrocarbons 
almost exclusively of open chain. 

Aromatic or ring compounds or naphthenic hydro- 
carbons are entirely. lacking in the raw synthetic 
material. Even though the. constitution of lubricants 
has not been quite definitely established as yet, it is 
known that ring compounds which are more or less 
alkylated are necessary in order to have hydrocarbons 
possess the property of viscosity and lubricant-film 
formation. 

It has not been possible to alter conditions of the 
Fischer and Tropsch process so as to make motor 
fuels and at the same time obtain hydrocarbons con- 
taining ring compounds instead of hydrocarbons com- 
posed entirely of open chains, It would be highly 
significant, nevertheless, to obtain good lubricating 
oils in the synthesis besides manufacturing motor 
fuel. We have therefore recently started development 
work in order to prove whether kogasin, as raw mate- 
rial, could be converted to valuable lubricating oil. 
We have been rewarded in this objective in being able 
fo produce lubricants which are quite similar to petro- 
leum oils by using the synthetic gasoil called kogasin 
II. Even though these experiments are only first- 
stage developments, we wish to report the results of 
this work and to bring the knowledge on this sub- 
ject up to date. 

‘To begin with, we sought the many methods re- 
ported in the literature on synthetic lubricants and 
carried out some of the procedures, which are re- 
portedly based on the chemical constitution of petro- 
leum lubricants. Literature references concerning the 
constitution of lubricating oils are not as numerous 
or as explanatory as might be expected.? These 
references bring out that the properties of lubricants 
are very much dependent on the type of crude oil in 
question. In general, two types of oils are mentioned, 
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namely, the paraffin-base oils and the naphthene- 
base oils (asphalt type). Between these two series of 
oils are the so-called mixed-base oils. 

The so-called paraffin-base crudes yield lubricants 
known as paraffinic oils, but which, according to the 
latest researches, actually consist of hydrocarbons 
with naphthenic rings containing alkyl side chains, or 
the rings are joined by eliphatic chains. 

The corresponding products from naphthenic and 
mixed-base crude oils contain more aromatics and 
naphthenic-ring hydrocarbons. The nature of the 
crude determines the temperature susceptibility or 
viscosity slope of the lubricants, which in the case of 
high grade oils is found to be very low. From thi 
standpoint the paraffinic lubricants such as those o 
Pennsylvania type, are therefore classed as valuable 
products while those from asphalt-base oils, wit 
their greater temperature susceptibility, command ; 
lower price as far as lubricants are concerned. 

As to the molecular weights of the lubricant hydro 
carbons, it can be said that they are in the range of 
400-500, with the ultimate analysis of these materials 
showing about 86.5-87.5 percent carbon and 13.5-12. 
percent hydrogen.® 


From this very short literature survey it will b¢ 


understood that it is necessary to proceed with som 
process to combine or connect up the purely parai 
finic hydrocarbons with some type of ring compound 
in order. to arrive at the formation of viscous oils 
this is necessary if one is compelled to use pure paraf 
finic material as raw material. This problem wa 
solved and reported in the literature by other worker 
in this field in producing synthetic lubricants from 
similar raw materials. Therefore, we desire to de 
scribe our particular procedure in this communicé 
tion wherein we were able to obtain synthetic oils 0 
very high quality. 

As to literature references, it is not intended t 
report here an exhaustive review on the subject sin 
very recent workers in this field have brought t 
material together in a systematic manner.‘ 


Literature Review 


, In general, the olefine hydrocarbons haye beé 
used to the greatest degree as raw material in 4 
types of synthesis—both gaseous and liquid olefin 
being combined with other hydrocarbons. It is wé 
known that the olefines are excellent starting mat 
rials for many reactions and easily undergo polyme 
zation and condensation reactions. As aids in 
polymerization of these materials*several polymeé 
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jzers are available—for instance, the use of ultra- 
violet light, electrical energy (static), heat, pressure, 
and catalysts. The three last agencies have been em- 
ployed to the greatest extent. 

The earliest observations along these lines in the 
case of olefine reactions were made many years ago. 
For instance, the action of sulphuric acid on gaseous 
and liquid olefines had been observed in the early 
work of Butlerow,® who has spent many years in the 
synthesis of lubricants. Guiselin® had proposed treat- 
ing olefine-rich fractions from cracked gasoline with 
sulphuric acid in order to obtain viscous or poly- 
merized oils. The anhydrous metallic chlorides, such 
as those of aluminum, iron, and zinc, as well as the 
gaseous boron fluoride, are exceedingly powerful 
catalysts as has been shown very recently. 

Lately, Nash, Stanley and Bowen’ occupied them- 
selves with the utilization of ethylene, polymerizing 
it to lubricating oils. This work with ethylene had 
originated earlier with Otto* who showed that 
ethylene gave good yields of lubricating-oil hydro- 
carbons when treated under pressure with boron 
fluoride as a catalyst. 

According to Nash and his co-workers, such lubri- 
cants, however, did not compare favorably with the 
petroleum oils when they were evaluated 'as to their 
viscosity-temperature relationships, and their resist- 
ance to oxidation in the presence of oxygen. Much 
better oils and a high type of lubricant were obtained 


and described in the procedures used by Sullivan, © 


Voorhees, Neely, and Shankland.® According ‘to the 
reports of these authors, it is possible to obtain syn- 
thetic lubricants which equal the best oils obtainable 
from crude petroleum by a procedure which consists 
of first cracking paraffinic petroleum fractions, fol- 
lowed by polymerization of such cracked distillate 
with anhydrous aluminum chloride. 


In order similarly to convert paraffin hydrocarbons 
which are relatively plentiful, investigators in this 
field have sought to: introduce reactive substituents 
into certain positions of the hydrocarbon molecule. To 
make the paraffin hydrocarbons reactive the simplest 
way, of course, has been to split the molecule, form- 
ing material containing double bonds, as occurs on a 
large scale in the so-called cracking process. The 
introduction of halogens into the paraffin molecule 
also makes the resulting hydrocarbon susceptible to 
many reactions; for example, the splitting off of 
hydrogen halide, a form of dehydrogenation results 
in polymerization and condensation reactions with 
similar hydrocarbon material, or the halide material 
may also enter easily into reactions with hydro- 
carbons of other series. 

Zeller and Gmelin®® first proposed reactions of this 
sort in experiments where low-viscosity mineral oils 
were chlorinated and the resulting product then being 
treated with concentrated sulphuric acid. Here hy- 
drogen chloride is split off and the intermediate ole- 
fines become subjected in a polymerization to high 
viscosity oils. 

Gardener and Bielouss*™! investigated the thermal 
dechlorination of chlorinated paraffin petroleum frac- 
tions forming unsaturated hydrocarbon; in more re- 
cent times Tanaka, Kobayashi and Furumoto’™ suc- 
ceeded .in splitting chlorine from highly chlorinated 
solid paraffin wax obtaining very viscous oils which 
were said to be of lubricating nature. Many cata- 
lysts** have been proposed and are now being used to 
dechlorinate chloro derivatives as well as simultane- 
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ously polymerizing the resulting unsaturated hydro- 
carbons. ; 

Of special interest are the investigations in which 
hydrocarbons of open- or straight-chain character are 
coupled with those of ring structure, since it is in this 
type of synthesis that one arrives at oils whose con- 
stitution more nearly approaches the natural lubricat- 
ing oils. In this connection the interesting early work 
of Kramer and Spilker** should be mentioned, who 
were first able to obtain synthetic lubricants, and 
whose properties and constitution had- been thor- 
oughly investigated and determined. Their work dealt 
with condensation products obtained from styrene 
(also allyl alcohol) and the aromatic type of hydro- 
carbons, such as toluol, xylol, and cumol, using 
sulphuric acid as a catalyst. 

Spilker’® later proposed that the lubricant proper- 
ties of these synthetic oils were due to the coupling 
of several ring hydrocarbons with aliphatic chains, as 
well as alkylation and that this structure was neces- 
sary for film-forming lubricants. The condensation of 
gaseous and liquid olefines, as well as chlorinated 
petroleum oils with the aromatic hydrocarbons has 
been described in the patent literature.*® 

The commercial manufacture of Paraflow,’ for in- 
stance, belongs to this type of syntheses and in this 
case deals with the preparation of paraffinic lubri- 
cants which have the added property of lowering the 
pour-point of other lubricants. Paraflow is a viscous 
synthetic oil made by condensing a chlorinated hard 
paraffin wax (12 percent Cl) with an aromatic such 
as naphthalene, using alumintim chloride as a cata- 
lyst. The addition of a very small amount of this 
Paraflow to high pour-point oils prevents crystalliza- 
tion of the wax in the latter, eliminating the necessity 
of. dewaxing such oils in order to lower the pour- 
point. 

In another procedure** hard or soft paraffin wax or 
paraffinic oils are mentioned as the starting point for 
such condensation reactions. The waxes should be 
chlorinated to about 12-15 percent on added chlorine 
and can be then either dechlorinated by heating or 
can be subjected to a condensation with any of the 
aromatics using aluminum chloride as a catalyst. 


Synthetic Oils from Kogasin 


In view of the above literature review and the 
work of other investigators it became clear to us that 
in using kogasin as a raw material for making lubri- 
cants that we had three possibilities open in solving 
this problem. For example, it might have been pos- 
sible to separate the olefines which are present in our 
synthetic product and use the olefines for polymer- 
ization. 

We had reported earlier’®® that kogasin I contains 
appreciable quantities of unsaturated hydrocarbons 
in the fraction boiling up to 220° C., depending, of 
course, upon the particular conditions, such as kind 
of catalyst, type of raw gases, etc.; the unsaturateds 
so reported were obtained using a cobalt catalyst and 
a raw gas containing 27 percent Co CO and 56 per- 
cent hydrogen. In several investigations we were 
able to obtain a good yield of synthetic lubricants 
from a fraction of our synthetic benzine, (B.P. 150°- 
220° C.) using the procedure of Sullivan? with alumi- 
num chloride as the catalyst. 

Using this procedure, the low-boiling olefinic frac- 
tions were treated with approximately 5 percent of 
aluminum chloride and condensed to viscous poly- 
mers. Secondly, we employed the kogasin II which 
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TABLE 1 


Relationship of the Olefine Content to Catalyst and 
Composition of Gases 





Vol.-% Olefine in Syn. Benzine Using: 








Water-Gas Mixed Gas | Cracking Gas 
Catalyst 1CO:1He2 1C0:2H2 1CO:3H2 
I Ro sac: Bi poral cb-n aby > 55 35 12 
aS Rival anata Seniargtae 35 16 ’ 5 














is much higher boiling and deficient in olefines, by 
first chlorinating to one or two atoms of chlorine in 
the molecule—that is, to the mono or dyed chlorol 
product. ; 

These chloro-products were treated with activated 
aluminum metal until the material was free of chlo- 
rine, which indicated that the polymerization was 
completed. In this way white viscous oils were ob- 
tained. Finally, we also were able to synthesize lubri- 
cants of special qualities by taking. kogasin and con- 
densing it with aluminum chloride with aromatics, 
such as xylol. Lubricants by the third and last method 
show a much higher specific gravity than those made 
without the aromatics. 

If it is intended to manufacture lubricants by the 
first method—that is, from the olefines—it is advan- 
tageous to know what fractions to employ and how to 
increase the olefine content of our low-boiling gaso- 
line portions of the crude reaction product. Table 1 
_ gives the compositions of the benzine fractions from 
various mixtures of gases used in the synthesis. 

When using cobalt as a catalyst the olefine content 
in the gasoline fraction can be raised to 55 percent of 
the total; also, reversely, the olefine content can be 
depressed to as low as 5 percent, using nickel and 
cracking-gases enriched with hydrogen. Between 
these two extremes one can obtain various values for 
olefine content depending entirely upon the catalyst 
and on the hydrogen content of the syntheses gases. 
It is also possible, as we have proven earlier, to 
obtain even more than 55 percent of olefines or even 
less than 5 percent olefines by changing the relative 
quantities of carbon monoxide and hydrogen. 

Table 2 shows the distribution of the olefines in 
the single fraction of the crude product, a kogasin 
manufactured from mixed gases. 


TABLE 2 
Distribution of Olefines in Crude Benzine 








Olefine Contents 


Vol.-Percent Vol.-Percent 








SOS Se eee 1GL 26 
SS gs 0 RGSS 5 GRD eer 22.5 39 
Gs ein cee. 20.0 27 
ES gee. a! ot, Ee a | 19.5 18 
NN EE Mi a as Si kwclaaccaeeess 13.0 11 





The total product, kogasin I plus kogasin II, shows 
26 percent olefines; the fraction 50°-100° C. contains 
39 percent. The higher-boiling fractions show a de- 
creasing content of olefines with increase in the boil- 
ing point! For example, the lowest fraction of kogasin 














TABLE 3 e 
Polymerized Oils from Olefinic Kogasin Fractions 
Viscosity: Visc. 
, ene mi Engler Degrees at: Index 
ravity (Pohl 
FRACTION 20/4 20° C. 50° C. Height) V.I 
50—100 C...... 0.835 9 4.75 3.59 5 
100—150....... 0.836 28.1 4.80 3.01 20 
150—200....... 0.835 7 4.00 2.28 80 
| Arana 0.827 6.12 2.17 1.69 100 























II, boiling at 200°-250° C., shows only a content of 
11 percent. 

The properties of the lubricants made from the 
olefines separately in each of these fractions naturally 
depend upon the molecular weight of the olefines 
which are present in those fractions. In this connec- 
tion the data in Table 3 gives valuable information. 

For many purposes it can be said that the lubri- 
cants from the fraction 150°-200° C. would be the 
most practical to manufacture, Even though this syn- 
thetic oil would not have the best viscosity index it 
would, however, show a much lower pour-point. The 
viscosities shown in Table 3 can, of course, be raised 
considerably by distilling off in a vacuum the low- 
boiling-point portions—the less viscous material— 
obtaining more viscous residues. 

From Table 4 it can be seen that the viscosity index 
appears to remain constant even though the viscosi- 
ties may vary. This would indicate that while the 
molecule of the synthetic oil may vary (molecular 
weight), nevertheless the characteristics of the 
hydrocarbon, or structure, remain the same. For 
example, in Experiment No. 1 the original lubricant 
shows a viscosity of 18.7 E at 20° C., and after dis- 
tilling therefrom some 40 percent of less viscous 
material the resulting viscosity showed 58.6 E. The 
viscosity index of the residue is practically identical 
with that of the distillate. 

A similar result was obtained in Experiment No. 2. 
As raw material for preparing the lubricating oil we 
used a kogasin fraction of 125°-250° C. It is note- 
worthy to point out the high viscosity of lubricant 
No. 3 obtained by distilling off 50 percent of lower 
boiling material. Oil No. 3 shows 17.1 E at 50° C. 
This very viscous oil nevertheless shows an excellent 
pour-point of —30 C. 

TABLE 4 
Vacuum Distillation of Two Synthetic Lubricants 














Visc. Engler 
Degree at 
Exp. Visc. (Phol 
No. 20 C. | 50 C. |100 C.\Index Height) 
1 Raw Lube-Oil I.............. 18.7 yk eee 2.28 (70 V.1) 


Removing by dist’n 20 vol. % 
- of above gives residue: 

1 ea Le | SPS ee Orr: 34.8 US Oe 2.47 
Dist’n of another 20% (vol.) 
yields residue or 





pe Le BCRP Pre eee 58.6 Jl eee 2.31 
Distillate I (20% of I)......... 3.06 SME ctae 3 2.30 
2 Raw-Lube-Oil I...........¢.. 20.8 4.7 1.62} 19 (90 V.I) 


Removing by dist’n 30% vol. 
% gives residue: 

2 | ET | Rete ee oe 57.8 9.6 2.06} 2.12 

Dist’n of another 20% vol. 
cut yields as residue: 


PMOPEME. DEL. 0 55.5 0.0 ork 6% 0b 40 123. 17.1 2.68) 2.18 
bt Sere ere 3.03] 1.59]...... 1.77 (100 V.D) 
FIRED ooo desis s OS teak 13.9 3.36]...... 2.0 























Testing the Synthetic Oils 

The synthetic oils made by the three various pro- 
cedures mentioned above have been Subjected to. 
many tests and careful evaluation. Table 5 gives the 
results of these tests on a lubricant made from a 
kogasin fraction 150°-200° C., using aluminum chlo- 
ride as a catalyst. 

Special mention should be made of the great sta- 
bility of this oil against oxidation when tested by the 
Sligh method. Samples left standing in sunlight and 
air for several years did not deteriorate or darken in 
eolor as did oils from natural petroleum refined in the 
usual manner. The oil shows a very low carbon value 
by the Conradson method and an exceedingly low 
pour point of —33 C. It was shown in practical: auto- 
mobile tests over a long period made at our institute 
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TABLE 5 
Analytical Constants of a Synthetic Oil 
Oil From K 
Cut 150- Cc. 

pCa TotOYs BO Goa oan be ois bavein <5 acaba Winds peaey way 0.836 
OE ROO (EI Ros nics 6 6 Rok wile Se 5a RHER ES wh LAN Ue 1.4658 
Be. CRIN oo Scr ho oh cily pci epee ae 0.558 
Tae trennt - CONN As oS aie wesw othre S's CHa ea eh 197 
EE SS ee a eer S Pare eer ae ae oe 19.4 
Wine, MS BRO, Mi vig oh a Sse. pA ye Vine gaweeeeses 4.0 
MORO WOME StS yA ord oe “a lng 6 iiss wlan dsb SIGMA wk ee aoe 50 
Sight eidation Bets soi orice led. 34s ee eeabak None 
SC OMSREOOR-€ BEDI. 6557545 Calas Cobb yo alee Sage aceaas 0.02 
POP ONE ois. ig 0 oa ol dmaidinn 6005 Pia eS  bka eh Oe ae her below—33 C 








that synthetic oils of similar viscosity gave results in 
every way as good as auto-oils made from natural 
petroleum ; these practical tests were made in auto- 
mobile engines of several different designs. 

It is interesting to tabulate a comparison of the 
synthetic lubricant with a winter grade of oil used 
for automobiles. Table 6 shows this comparison be- 
tween the two oils, the cornmercial lubricant bought 
on the market being about the same viscosity at 20° 
C. as our synthetic oil. 

The synthetic oil shows a rather low specific 
gravity, this going hand-in-hand with its high con- 
tent of hydrogen. It also shows a very low pour-point, 
much lower, than the commercial automobile oil. 
Concerning fluidity at low temperatures, this prop- 
erty was measured in a U-tube and determined for 
both oils. At —15° C. our oil flowed to the extent of 
30MM., the commercial oil only 3.5 MM. Even at 
—25° C. the synthetic oil remains fluid under kinetic 
conditions to the extent of 30 MM., the commercial 
oil no longer flowing at that temperature. From the 
results in this table it is possible to make very high 
grade lubricants from the olefines in kogasin. 

Concerning the color of our synthetic oils, it can be 
said that this property can be varied according to the 
method of preparation. The colors are not at all 
characteristic of any of the properties of these oils 
since the properties can be left practically the same 
after our synthetic oil is subjected to an hydrogena- 
tion process. Hydrogenation is very well adapted for 
these oils since they are free from sulphur and a 
nickel catalyst with hydrogen at a fairly low tempera- 
ture results in oils that are practically water-white. 
Even with this great color improvement the proper- 
ties of the resulting oil are just about the same as the 
original lubricant, showing that color is not a char- 
acteristic property of these synthetic oils. 

Mention should be made concerning the constitu- 
tion of the olefine synthetic oils. The average molecu- 
lar weight of the olefines employed point to their 
composition as being C,,H,.,. The oils obtained from 
the olefines show a molecular weight of 450, so that 
one can draw the conclusion that at least three ole- 
fine*molecules of the above formula polymerize to one 
lubricant molecule. The hydrogen content of the 


TABLE 6 


Comparison of a Commercial Petroleum Lubricant and 
a Synthetic Oil 








Commercial Synthetic 
Winter-Oil Oil 
nec: Gries OO oe acis. ced Kohy ss Ue oa ba bene 0.882 0.838 
Wisc, ER. Pegrees ae Co... io SVR 32.6 32.0 
Wisc, 3. Degree £0 on od cae eee ies 5 6.10 6.06 
Be Toot oe gt ueaise cue Gis Sea ua son peas 60—70 60—70 
nr Ree oo Ps ats nals ba ce eee ca aese —16C —42 C 
Fluidity (U-Tube method) at: 
oe | Sp SEES Oe oe Oe eee ey RPE RDS 3.5 mm 30+ mm 
vag, k SPOTS, Pe rep rae BaP trae oN oe 0.0 mm 30+ mm 
Pilash-Potht; Opens.) uiek sok veces Sees 220 C. 205 C 
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olefines show 14.4 percent by weight, and the hydro- 
gen content of the synthetic lubricant, which was 
formed under the influence of aluminum chloride, 
shows 14.2 percent by weight. 

As already pointed out, this pefcentage is un- 
commonly high and is the reason for these oils show- 
ing such excellent stability. The average approximate 
formula for these lubricants appears to be between 
C,,H,, and C,,H,,. A much closer estimation will be 
made in the future when we shall obtain closer-cut 
olefine fractions, practically pure. C,, olefines, and 
use such material for the polymerizations instead of 


fractions which are mixtures approximating a C,, 


olefine. 

From an over-all, practical standpoint of interest 
to the refinery manager it is, of course, desirable to 
know the relative quantities of benzine and lubri- 
cants that are obtainable in the Fischer-Tropsch 
water-gas process. In this connection the following 
can be mentioned. If the lubricants are made from the 
olefines of the primary product (especially the ole- 
fines from the water-gas product), then the relative 
amounts obtained are eight parts of benzine and one 
part of lubricant—that is, a ratio of eight to one. 
This relationship is much better than that existing 
in the automobile industry where more than eight 
times as much gasoline is used compared to the lubri- 
cant used by civilians. 

If the solid paraffins or the cracked olefines are 
also brought into play and converted to lubricants 
the relationship of benzine to lubricant of course 
become very advantageous for commercially applying 
the Fischer-Tropsch process. 

The third possibility lay in using the high-boiling 
fraction from our synthetic process, namely kogasin 
II. It seemed more important to work eventually with 
this material than with the synthetic gasoline since 
the former appeared to have less value at this time as 
a diesel-motor fuel. In contrast to the synthetic gaso- 
line, kogasin II contains a very much lower amount 
of reactive olefines. As a matter of fact, the content of 
olefines decreases rapidly with increase in the boiling 
point in these synthetic products amounting to 35 
percent in the synthetic gasoline but only 10 percent 
in kogasin II. Using nickel catalysts which. are 
strongly hydrogenating one obtains an almost com- 
pletely saturated kogasin II. It is this type of product 
which we have used in the work which we will now 
describe. The physical and chemical tests of kogasin 
II have already been described in a previous investi- 
gation.”° Judging from its specific’ gravity, the ulti- 
mate analysis, and the average boiling point, it can 
be said that kogasin II consists of hydrocarbons of 
composition C,,H,,—namely, tetradecan. 


Chlorination of Kogasin 


Basing our work on the statements made above, 
namely that most of the natural lubricants are ring 
systems with paraffin-chain connections, or alkylated 
rings, we have next determined what are the proper- 
ties of synthetic lubricants made by the condensation 
of kogasin II with ring hydrocarbons. 

In order to make the kogasin reactive it was first 
converted with gaseous chlorine into a series of 
chlorinated derivatives. The products contained one, 
two, and up to six chlorine atoms per hydrocarbon 
molecule based upon the above molecular weight of 
kogasin. Chlorine displaces the hydrogen in the mol- 
ecule very easily at ordinary rates and there is a 
practically quantitative conversion, half of the: chlo- 
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Weight 
Increase 
After Spec. | Viscosity E. at 
of - & pa 
Chlorination nation 20 C. 20 C. 50 C. 
| ARERR te EGR a Ye 0 0 0.774 1.36 1.13 
Mono-chloro-Kogasin II 17.4 14.8 0.872 1.67 1.27 
Kogasin II...... 34.8 25.8 0.977 5.1 1.5 
oe Bi iia 52.2 34.3 1.057 6.5 2.1 
Tetrachloro-Kogasin a: " 69.5 41.0 1.1 27.3 4.4 
Hexachloro-Kogasin II. 104.3 51.0 1.292 570.0 28.5 




















rine entering the hydrocarbon molecule, the other 
half of the chlorine used being evolved as hydrogen 
chloride. The chlorination is allowed to take place 
under stirring conditions and carried out at room 
temperature. Data is given in Table 7 concerning 
some of the properties of these various chlorkogasins. 
_ It can be seen that the viscosity of these products 
increases only slightly with increasing chlorine con- 
tent but then increases very rapidly from tetrachlor- 
kogasin upward. The hexachlor product is already so 
viscous that it can hardly be stirred at room tempera- 
ture. In order to prepare products containing greater 
amounts of chlorine, which up to the present have 
not been attempted, one would be compelled to chlo- 
rinate and work at some higher temperature. 


Condensation of Chlorkogasin by the Friedel-Craft 
Reaction 


For the purpose of again splitting off chlorine dur- 
ing the simultaneous condensation of kogasin with 
an aromatic ring one finds the Friedel-Craft reaction 
using aluminum chloride to be well adapted for the 
synthesis. This procedure was used by Halse** in 
preparing alkylated benzols with long side chains, 
namely, tridecyl and pentadecyl benzol. These com- 
pounds were obtained as thick aromatic type of 
liquids. We were especially interested to work with 
these variously chlorinated kogasins since these prod- 
ucts had never been investigated by other chemists 
in this field. Various aromatics, such as benzol, toluol, 
and the xylols were employed in the condensation. 
Most of our experiments employed pure xylol, the 
commercial grade containing the three isomers, and 
we are well versed in the manner in which the reac- 
tion takes place and also acquainted with the many 
factors in the use of xylol. 

Concerning the various conditions in the reactions 
which we employed it can be said that we proceeded 
as follows: the chlorinated kogasin is mixed with a 
three-fold volume of the aromatic and to this mixture 
10 percent of anhydrous aluminum chloride is added 
on the weight of the chlorinated product. The mix- 
ture is well stirred and the reaction takes place at 
room temperature. The reaction is speeded up by 
warming the apparatus on a water bath. After a pe- 
riod of time the mixture is allowed to settle and the 
solution containing the reaction product is decanted 
from the heavier aluminum chloride sludge below. 
The solution is next washed and treated with a small 
amount of bleaching clay, such as tonsil, followed by 
distillation to remove the excess aromatic hydrocar- 
bon still present. 

The crude reaction material now obtained is sub- 
jected to a vacuum distillation up to about 200° C. 
at 12 MM pressure in order to remove low-boiling 
oils and to obtain a residual oil of the proper flash 
point. The synthetic oils obtained in this manner 
which are of medium to very high viscosity are 
mostly of reddish color (depending upon the amount 
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of bleaching clay used), are transparent oils and show 
the typical cast for lubricating oils, although some of 
our products are very pale yellow in color with only 
a slight cast. 

The products are free of chlorine, usually below 
0.1 percent. The aluminum chloride sludge obtained 
in the reaction can be re-used as further catalyst in 
following treatments although it is most common to 
add a small amount of fresh anhydrous aluminum 
chloride in order to obtain subsequent products which 
are absolutely free of chlorine. 

The conversion using xylol with various chlori- 
nated products comprises our first series of experi- 
ments. Table 8 shows in brief form the properties of 
the synthetic oils and the yields obtained using xylol 
as the aromatic, 











TABLE 8 
Conversion of Xylol with Various Chlorkogasins 

Yield (on 

'Times| Spec. Visc. °E. at: hloro- 

Chloro Product Re- | Grav. Product 

Used acted; 20C. 20 C 50C. | 100 C. (Vol.) 

Dichloro-Kogasin.... 1 0.904 15.8 3.4 NE 76 
2 0.905 27.4 4.7 ses 77 
Trichloro-Kogasin. . . 1 0.925 35.0 5.2 br 75 
2 0.937 80.0 8.7 A 96 
Tetrachloro-Kogasin. 1 0.958 inte 16.8 2.2 66 
2 0.978 54.8 3.3 105 
Hexachloro-Kogasin . 1 0.992 53.6 2.7 39 
2 1.008 316. 5.7 58 























As can be seen from the above, the density of the 
finished product increases rapidly in relation to the 
chlorine contents—namely, from 0.9 with the dichloro 
products to 1.0 in the case of the hexachlor products. 
This fact can be explained that for every atom of 
chlorine in the molecule which is split off, a C-C 
bond is formed, which always results in a denser 
chain of the atoms in the condensed molecule. 

In line with the increase of specific gravity there 
is a corresponding increase of viscosity of from 3.4 E 
at 50° C. to the extremely high value of 316 E at 
50° C: It should be further pointed out that in subse- 
quent condensations using spent aluminum chloride 
sludge oils are obtained which are considerably more 
viscous than those obtained in the first condensation 
using fresh aluminum chloride. 

It is also noticeable that in subsequent reactions 
using the aluminum chloride sludge that the percent 
of final oil (the yield) increases based on the quantity 
of chloro product used. The explanation for this ob- 
servation seems to be that the aluminum-chloride- 
sludge actually appears to enter into the reaction, and 
already containing oil in its combination, does not 
add additional reaction product as would fresh alu- 
minum chloride during the stage of sludge formation. 

The conversion of trichlorkogasin with xylol em- 
ployed altogether seven consecutive aluminum-chlo- 
ride-sludges—using each time as catalyst the sludge 
from the previous reaction. It is important to netice 
that the increased viscosity obtained in the second 
reaction remained high throughout the rest of the 
condensations,. Changes in the properties of the oils 
is not always a constant factor even when the reac- 
tions are carried out under exactly the same condi- © 
tions. Unknown factors which we have not yet deter- 
mined appear to yield at times oils of various viscosi- 
ties. It'can be said that 5 percent by weight of alu- 
minum chloride based on the chlor product is quite 
sufficient to carry out the condensations with the 
above aromatics. 

As already mentioned, we have also carried out the 
condensation of the chlorkogasin with other aromatic 
hydrocarbons, such as with benzol, toluol, naphtha- 
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lene, methylnaphthalene, and tetralene; results have 
shown that the reaction with these aromatics pro- 
ceeds in a manner similar to that as with xylol. The 
effect of the constitution of the aromatics in relation 
to the properties of the synthetic oils has not been 
investigated further at this time but we intend to 
initiate experiments in this direction. 

An insight into the type of oils obtained using the 
tetrachlorkogasin with benzol under the same condi- 
tions as in the case of xylol can be seen from an in- 
spection of Table 9. According to these results the 
oils are considerably denser although the viscosity 
does not greatly vary from one to the other. The 
yields in the case of using benzol are considerably 
less than when xylol is employed. 


TABLE’ 9 


Comparison of Synthetic Oils from_Tetrachlorkogasin 
Using Benzol and Xylol 











* Yield 
(Vol.-%) 
Spec. Visc. °E. at on 
Tetrachloro-Kogasin Re- Grav. Chloro- 
Reacted with: acted 20 C. 50 C. 100 C. Product 
NS 0h Se bane tates s 1 0.967 =~ s 2.2 43. 
MONS Sakic os Raw ave 1 0.958 2.2 66.5 
IS boon ait kes Sane 2 2 0.981 36, : 3.0 64. 
| RAS PES reese 2 2 0.978 54.8 3.3 105. 




















Concerning the weight relationships in which the 
chloro derivatives enter into reaction with the aro- 
matics there have been no satisfactory calculations 
made up to the present time. Any scheme to present 
the direction in which these reactions might proceed 
is always to some extent obscured by the fact that the 
aluminum chloride addition-compound (sludge) will 
usually react with one of the other components, form- 
ing further complex insoluble material. Added to 
that is the fact that kogasin, being a. somewhat com- 
plex hydrocarbon mixture, is certainly not chlorinated 
into definite or single chloro derivatives during: the 
process of chforination. 

For a close calculation or balancing of the many 
side reactions which take place during the condensa- 
tion one would be compelled to investigate carefully 
not only the lubricant portions of the synthetic oil 
which are formed but also to take int- account an 
analysis of the low-boiling synthetic material which 
is also formed in somewhat lesser quantities. 


In view of the above we believe that it can be said 
that in the case of reacting trichlorkogasin with 
xylol, as a first approximation 1.5 molecules of the 
aromatics enter into a reaction with one molecule of 
the chloro product. Now it has been shown that the 
high-boiling synthetic oil possesses an average molec- 
ular weight of about 450, pointing to the combina- 
tion of one kogasin molecule with two aromatic rings. 
In the case of the synthetic light oils which are also 
formed but in smaller amounts it can be said that the 
condensation is between one or two paraffin chains 
with only one aromatic ring. We intend to continue 
work to prove more fully these opinions. 


Analyses of the Synthetic Oils and Their Value 
as Lubricants 


It is customary to judge lubricating oils by many 
other constants besides the test for viscosity and that 
other properties may be determined before a practical 
evaluation can be given. Table 10 gives the most 
important tests of two of the synthetic oils which 
have been subjected to more critical tests. These 


TABLE 100 
Tests on Two Synthetic Oils 







































































Oil No. 1 from Oil No. 2 from 
Tetra-c 
Kogseint with Kotesa s with 
TESTS (3 Times Reacted)| (Twice ) 
Sous. eee Be as 5.0 ks be eee 0.9738 0.9351 
Vide. “Si At SP Co i nies. caple omekcot \ eecaawes 101 
Oy RA BEER Ke er 49.1 10.84 
Ge Geka oe nko. Sado tae BPN PONS a ag eke 
WOE Mehc x huge al Kap otal 2.9 1.87 
PRE I RRR Re Ey Below 0 90 
Pras 555. soso ceadee cite —1° C. —20° C. 
Conradson Carbon (percent)........ 0.26 0.17 
Sligh-Oxidation No...............+. 11.6 1.0 











tests were conducted in our laboratory by Dr. R. 
Koetschau and Dr. G. Schmidt. 

In summarizing the above anaylsis it can be said 
that it is of no great advantage to produce oils of 
extremely high viscosity, as in the case of oil No. 1, 
since it results in a degradation of the other proper- 
ties of the oil. For this reason it is important in the 
chlorination of the kogasin to limit the chlorination, 
forming no higher chloro product than the trichloro 
derivative, since these extremely-high-viscosity oils 
are already produced using the tetrachloro product. 
The tests on oil No. 2 show that it has satisfactory 
low temperature properties of viscous Texas oils and 
is a valuable lubricant also from the standpoint of 
greater oxidation stability. 


Hydrogenation of the Synthetic Oils 

In connection with the above results we next 
sought to answer the question whether or not the 
condensed alkylated oil with a benzine ring could be 
improved by.-hydrogenation—that is, hydrogenating 
in the ring. For this purpose we therefore conducted 
experiments in an iron autoclave subjecting the syn- 
thetic oils to pressure hydrogenation using a nickel 
catalyst. Hydrogen absorption began at 130° C.; how- 
ever, in order to increase the speed of the reaction 
a temperature of 190° C. was optimum. Under these 
conditions there was no formation of gases or low- 
boiling cracked products. Upon completing the 
hydrogenation the saturated oils were obtained as 
crystal-clear products after separating them from the 
catalyst. The catalyst was further washed with ben- 
zine to remove oils and upon steam distilling the 
solvent, a heavier yellow oil with blue cast was 
obtained. 

Concerning the amount of hydrogen which went 
into the reaction, we found that 470 grams of oil. 
(1 mol.) consumed approximately: 5.5 mols of hy- 
drogen. This fact seems to substantiate a previously 
mentioned calculation that the synthetic oils contain 
approximately two benzol rings which absorb 6 mols. ; 
of hydrogen during hydrogenation. Table 11 gives | 
a comparison of the hydrogenation of the oil which | 
was synthesized from trichlorkogasin and xylol. 

As can be seen, the specific gravity decreases from 
0.940 to 0.894 and the latter figure is characteristic 
for commercial grades of lubricants. The viscosity is 


TABLE 11 


Effect of Hydrogenation on the Gravity, Viscosity, and 
Chemical Constitution 





Ss Vise. °E. at ‘ualooke 
'. . - 2 
Syn. Oil from Xylol and Gren. 
Trichloro sin 20 C. 20 C. 50 C. RC. %H. 








. Before Hydrogenation........ 0.940 110 10.7 3 





6 11.13 
.66 | 13.19 





After Hydrogenation......... 0.894 63 y 4 
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TABLE 12 








Comparison of Tests of Hydrogenated Oil with Original 
Synthetic Oil 
Oil No. 1 Oil No. 2 
Not Hydrogenated| Hydrogenated 
S Grav. 20° C....... hie otha tet 0.9351 0.8944 
Ref. REY Sic tse haves tb thcaess 1.5300 1.4909 
OM Si ch Se -eweest © 0.5661 0.5489 
® h-Point, SSE ug tS ECP WF 204 190 
EE SA sin cs 6 okas Kot ay eee 0 6 242 220 
Me Sy. £5 | 7 a eee 101. 61.9 
| MDa. 4 pitas ted «0 i-d-<-> o's 10.84 8.02 
; MERGE Ss Chan ane 34 1.87 1.73 
H SEE A Se Oe 1.25 1.22 
SS eters ear rras 5 10 
' Sligh-Oxidation Test................ ‘. None 
| bey ong Carbon Residue......... 0.17% 0.03 
me | SEER RR ee rere 0.06 0.02 
; Saponification Mk Gs iv etk nse oes ck 0.51 0.03 
Pe MONE MCL he Sd Lies Seo hive Nes ope —20 —27 
- 











considerably reduced when the oil combines. with 
hydrogen; the ultimate anaylsis shows a reduction 
in carbon of about 2 percent. A large sample which 
had been hydrogenated in another laboratory was 
subjected to more extensive analysis as shown in 
Table 12. Here data is given for the hydrogenated as 
well as the original oil. 

It can be seen that the hydrogenated oil is a true 
low-pour-point lubricant, characterized by a very 
high stability towards oxygen, and showing a very 
low coke value. By hydrogenation it has been possible 
to reduce the viscosity index from 3.5 to 3.2, which 
indicates the latter oil to be relatively rich in hy- 
drogen and approaching the high grade Pennsylvania 
oils. 

The final oil is practically a white oil although 
white oils are usually not produced with viscosity 
as high as in our finished oil. The hydrogenated oils, 
moreover, show no loss in film or lubricant value due 
| to hydrogenation, as is customary when white oils 
| have been manufactured using the usual sulphuric. 
§ acid treating process. There is therefore no reason to 
f suspect that these water-white hydrogenated oils are 
} not true lubricants such as the usual yellow-, green- 
por blue-cast commercial oils, since the tests shown 
in Table 12 indicate the final oil to have exceedingly 
i valuable properties comparable with the best com- 
mercial oil from natural petroleum. However, we are 
continuing our hydrogenation work to obtain larger 
samples which can be subjected to commercial engine 
Htests and further prove their value in actual com- 
mercial applications... 

It has been shown by the above experiments that 
valuable commercial lubricating oils can be manu- 
ifactured by condensing aromatic hydrocarbons with 
iy obtained in our water-gas reaction. It is, of 
course, possible that the route by way of chlorinating 
ithe kogasin could be eventually by-passed or omitted 
‘and that chlorination is not the only means of con- 
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ducting a successful condensation with the aromatic. 
The procedure we have used, however, was valuable 
in obtaining certain data which we have presented 
and we have obtained synthetic oils which may. be 
said to present an entirely new type of hydrocarbon ; 

and that we have obtained an insight into the prop- 
erties and constitution of sucn synthetic oils; by our 
procedure we have’ shown the type of lubricant that 
one might expect in similar condensations made by 
analagous procedures. 


Summary 


1. Various procedures have been given to prepare 
synthetic lubricants. Their properties and composi- 
tion have been compared with those oils obtained 
from natural petroleum. 

2. Starting with kogasin one can also obtain lubri- 
cants from the olefine hydrocarbons present in the 
low-boiling benzine range—the synthetic benzine ob- 
tained in the water-gas reaction. 

3. Kogasin II, that is, the gasoil fraction of the 
synthetic petroleum from carbon monoxide and hy- 
drogen, was converted into a series of chloro-products 
and these were condensed in a Friedel-Crafts reaction 
with aromatic hydrocarbons. 

4. Variations of various factors on the properties 
of the viscous oils were investigated. A closer analysis 
of two synthetic oils showed that they simulate very 
closely the properties of naphthene- -base- petroleum 
lubricants. 


5. By way of hydrogenation the synthetic hydro- 
carbons prepared from kogasin can be converted into 
less dense and water-white oils. These hydro-oils 
appear to possess extremely great stability toward 
oxidation, a minimum of carbon formed on coking, 
and a very desirable low pour-point. 
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Gaining Safety 
Through the Intensive 
Participation of the 
Employee 


P, C. SHEA, 


Vice President, Colonial Beacon Oil Company 





R. CHAIRMAN, I have a suggestion to make 
concerning the condition of the floor in the machine 
hop. It is a wood-block floor and sections are heav- 
ing up and causing a serious tripping hazard.” 

You have just eavesdropped on a typical incident 
n a session of the labor-management-workmen’s 
afety committee at the Esso refinery of the Colonial 
Beacon Oil Company, Everett, Massachusetts, where 
nm December 14, 1943, two years of operation with- 
ut a disabling injury was completed. 

It is s:gnificant that this record had its start the 
veek following the attack on Pearl Harbor. Over 
hat period not a single employe of the manufactur- 
ng department lost a day from the war effort. A 
erlous accident might well have reduced the output 
f desperately needed war fuels. 

Labor-management committees have been part 
ind parcel of our operations for a long time. With 
he coming of war their value came into special 
eognition. They have formed the backbone of our 
rganization for safety. 

Safety On a War Basis 

One of the beneficial results that came to our 
outry when it was attacked was the widespread 
prmation of the labor-management war-production- 
live committees. Our war-production-drive com- 
nittee was formed in 1942. This committee imme- 
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E LABOR-MANAGEMENT COMMITTEE 
ding, left to right: J. F. Lyons, C. H. Cole, R. N. McGinniss, E. D. Lawrence, 1. J. Staid, J. F. Bradley, and W. D. Summer; seated, left to right: 
‘O'Rourke, secretary; F. S. Hunt, H. W. Milliken, co-chairman; J. E. Murphy, co-chairman; L. E. Denning, Gregory Goulski and R. L. Courtenay. 


TOF SAFETY BURNING 


685 DAYS SINC 


——— 


LAST ACCIDENT 


ees 





Avni the safety record at the Colonial Beacon Oil 
Company plant had been properly celebrated earlier 
this year, the effort was made to get the methods of 
accomplishment put into an article. Finally P. C. Shea 
sent along some notes with the suggestion that they be 
expanded into an article. 

Several efforts at this expansion resulted in a deci- 
sion that should have come sooner. His notes were com- 
plete, which is all that good writing requires. Other than 
a few changes of minor consequence, this explanation 
of how to accomplish safety in a refining plant is the 
set of notes he prepared. 

Number on the Safety Board shown above was 830 at 
the time these notes were prepared. 








diately undertook the supervision and coordination 
of the work of all the other active operating labor- 
management committees, which were dealing with 
single problems. One of these was the safety com- 


mittee. 


This workmen’s safety committee, established in 
the fall of 1929, has consistently been a potent factor 


in promoting safety in the plant. It is composed 


tirely of hourly-paid employes and its personnel is 


chan ed each four months. Its activities have 
guidance of a safety engineer. 


Each member represents a certain group.of fellow 
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Members of the workmen's safety committee at Colonial Beacon Oil 


employes, from whom he collects ideas, suggestions 
and solutions. At each bi-weekly meeting accidents 
are discussed and methods of prevention suggested. 
Suggestions regarding possible plant hazards are 
considered and safe working procedures are outlined. 
These are then passed along to the foreman’s com- 
mittee for action. 

During his.term on the committee each member is 
undergoing a training course in safety. He gets an 
intensivé contact, impossible to give all employes. 
Over a long period, however, this intensive training 
comes. to each employe because of the frequent 
changing of committee membership. 


The Membership Relay 


At the end of each four months, a dinner is ar- 
ranged. The outgoing and the incoming members 
thus have the benefit of exchanging ideas and inti- 
mate acquaintance. At the close of the dinner there 
is a simple little ceremony in. which the former mem- 
bers pin their badges gn the individuals of the new 
committee. At the same time the management has an 
opportunity to present the outgoing members with a 
token of appreciation. Recently this has consisted of 
a small first-aid kit in a metal container. 

The record of the yedr 1930 is an example of the 
effectiveness of the workmen’s safety committee. 
During 1929 records show that the plant had: 207 
minor injuries, of which 41 were of the disabling 
classification. In 1930, the first year during which the 
committee functioned, there were only 107 minor in- 
juries, only 6 of which were of the disabling class. 
In 1931, disabling injuries dropped to 4, and in 1932 
just 1 was recorded. The number of minor injuries 
decreased accordingly. Finally, the plant personnel 
went through 1942 without a disabling injury, and 
repeated this record in 1943. 


It’s Up To the Foreman 

In recent years the role of a foreman or supervisor 
had expanded greatly. He is expected to lead and in- 
struct his group effectively. The success of a safety 
program depends to a great extent on foremen. 
Teaching and directing men in safety matters fre- 
quently is something new for a foreman. He must be 
taught how to teach and to lead. He has to be 
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Company refinery in session. 





Left to right: W. F. Horton, labore. 

tory; E. D. Petipas, machine shop; 

L. G. Dingee, boilermaking; J. J. Long, 

labor; Joseph Gallant, pipe; Alber 

Joyce, pumping; E, R. Swanson, safety 
supervisor. 


supplied with knowledge 
and methods, tools of his 
new occupation. 

Our foremen participate 
in training conferences in 
which they become famil- 
iar with training methods, 
They have their own safety committee whose meet 
ings afford opportunities for discussing accidents 
determining preventive measures, formulating safet 
workmen’s committee, such as the report on the 
rules and acting on suggestions that come from the 
condition of the wood-block floor. They are provided 
with literature and material, which allow them to 
keep well informed in all phases of safety. 

Literature on safety should be both-local and na 
tional in origin. Inter-plant and intra-plant letter 
and bulletins, state pamphlets and national maga 
zines will give them, among other things, the inter 
esting topics they need for regular talks on safety. 


Talks Fit the Occasion 

Our formal departmental talks on safety are ar 
ranged by each foreman each month. They are care 
fully planned and executed and are deliberatel) 
different from the short, snappy, daily talks so fre 
quently given to small groups just starting on jobs 
The complete personnel of the department is presen 
A report of the meeting is included in the record 0 
the next foremen’s safety committee. 

Facing the plant gates wehavea large, conspicuou! 
saféty* board. The number of accident-free days has? 
prominent place along with pertinent posters an 
other evidence of safety. Both incandescent and neo! 
lighting are used to draw attention and a clock ha 
been built into the board to assure attention from 
employes. 

This type of safety organization, calling for in 
tensive participation of the individual employe, ! 
limited for practicability to a plant having from 50 
to 750 workmen. There is every reason to believ¢ 
however, that in a larger plant it could be adapted) 


restricting it to departments. In some instances, 0% 


course, it might be necessary to have several depart 
ments combined. In others, where the personnel of 
department is large, it might be advisable to divid 
the department so as to arrive at suitable groups. 

Success of such an organization presupposes th 
management has established and maintains soun 
personnel relations and good working conditions 
that management itself recognizes that safety is 4 
integral part of the overall production plan of th 
unit. , 
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Application of Unit Operations 
To Fractionation and Other | 


Vaporization Processes 


PART 6 


Stage Separation of Mixtures Containing Three or More Hydrocarbons 


R. L. HUNTINGTON, School of Chemical Engineering, University of Oklahoma 


\ [THIN the past few years a knowledge of stage 
separation has become as essential for the engineer 
in the natural-gasoline plant as it has been for the 
oil-producing engineer. This realization has been 
brought about by reason of the close relationship 
existing between the plant and the field operators in 
their efforts to work out recovery plans which may 
net the greatest returns per dollar of investment to 
all parties concerned. This cooperation has been 
evident, not only between these two departments 
under common ownership, but also among plants 
and producers where different companies. are in- 
volved, In certain instances, the effective operation 
of several separators in series has reduced the gross 
gallonage of natural gasoline available in the gas 
streams, but at the same time it has enabled the 
gasoline manufacturer to process these gas streams 
with a greater return on his money, through elim- 
ination of oil absorption costs. In other cases, the 
gross gallonage has been boosted for the gasoline 
plant, where the oil producer has been keen enough 
to realize that in the absence of stabilization the re- 
tention of too much natural gasoline in the crude oil 
or in “distillate” production may result in prohibitive 
evaporation losses on the lease and in transit to the 
refinery. 


Three Processes Involved 


(1) Flash or Equilibrium V aporization—This process 
involves steady-state flow, in which the vapor evolved, 
or liquid condensed, is in equilibrium with the other 
phase. The refiner has found that this type of con- 
tinuous operation is advantageous in the distillation 
of crude oil, not only from the standpoint of simplify- 
ing the process but also in view of the release of 
vapor greater in amount that it would be possible to 
obtain through batch or differential vaporization. 
Through the work of Piromoov and Beiswenger,® the 
“flash” vaporization of a crude oil can be easily cal- 
culated through ‘an empirical relationship between 
the true boiling point, or differential distillation, and 
the flash curve. In Figure 1, a typical set of flash 
and differential curves is shown. It is easy to see 
that with the exception of the front end of the curves, 
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the flash curve gives a greater vapor release for any 
one temperature. : 

(2) Batch or Differential Vaporization—The shell 
still represents an illustrious type of differential 
vaporization, in which the refiner used to distill his 
crude oil by the batch process. The ordinary labora- 
tory tests, such as the ASTM, the Hempel, and the 
true-boiling-point fractional distillations, also involve 
the same type of vapor release, in that the vapor is 
removed from the liquid under constantly changing 
conditions. In the batch operations just mentioned, 
the pressure is usually held constant, while the tem- 
perature is gradually increased; however, in carrying 
out the true-boiling-point analysis, both the decrease 
in pressure and the increase in temperature are re- 
sorted to as a matter of convenience in removing the 
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FIGURE 1 


Flash and Differential Vaporization curves from Pennsylvania crude. 
(From Nelson, ‘Petroleum’ Refining,”” McGraw-Hill Book Company) 
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FIGURE 2 
Diagram of a three-stage-separation installation with a pressure reduction ratio of 4/2 to 1. 


overhead stream as vapor. Rayleigh’ has derived an 
equation for differential or batch distillation. . 

(3) Combination Flash and Differential V aporization 
—This type of operation is found in the stage sepa- 
ration of crude oil-gas mixtures. The refiner usually 
wants a maximum release of vapor from the crude in 
distillation practice, whereas the oil producer more 
often prefers to retain the maximum amount of vola- 
tile fractions in the crude oil as it flows from the final 
separator into storage. For this reason, differential 
vaporization or condensation is sought by the oil 
producer. Since differential vaporization or conden- 
sation, in the true sense, would involve a batch 
operation or an infinite number of separations under 
a continuous steady-state process, the most practical 
alternative has been evolved through the develop- 
ment of stage separation. By means of a steady-flow 
system, in which the pressure is progressively low- 
ered in each separator, a close approach toward true 
differential vaporization is attained by the use of 
only three or four separators.* ° Figure 2. 


Calculation of a “Flash” Vaporization 


An empirical relationship, such as the.one which 
has been worked out for the flashing of crude oils,® is 
needed for the simplification of calculations for stage 
separation, but no satisfactory correlation of this 
nature has been developed. In previous papers of this 
series, * * * the method of calculating the separation 
of two component mixtures of hydrocarbons has been 
explained. Although the same principles are involved 
in the handling of three or more hydrocarbons, the 
calculation requires far more labor, as the trial-and- 
error or suécessive approximation method is the only 
feasible attack to make. A straight forward algebraic 
solution of a three component mixture is possible, 
but it calls for a far greater mass of calculations 
than the trial-and-error method. 


A material balance can be made around a separator 
into which a stream is flowing, and from which vapor 
or gas is being removed overhead, and a liquid stream 
is flowing from the bottom, as shown in Figure 3. 

Since the entering stream is quantitatively equal 
to the outgoing vapor and liquid streams, the balance 
for any one component may be expressed mathemati- 
cally : 


Output 
Input Vapor Liquid 
(1) Xe= V(Yv) + (1—V) Xx 
Since 7 Yy =P Xx (from Raoult’s Law) 
(2) Xe= V(P Xi) + (1 — V) X1 
(7 ) 
P 
(3) K=X:(vi+i—v) 


(4) Xe=Xz| 1 +v(=-1) | 
(5) x= Xr /[1 +v(=-1)] 


If Henry’s Law is used, equation (5) can be ex- 
pressed : 
(6) Xi=> Xr/ [1+ V(K—1)] 
Since Yy=K Xx 

Whenever a mixture of hydrocarbons is subjected 
to compression at temperatures above their combined 
freezing point, one of three things in general may 
take place. 

1. Total vaporization of the mixture. 


2. Partial vaporization or-condensation. 
3. Total condensation. 


Bubble Point or Initial Vaporization 


For example, a natural gasoline mixture of three 
paraffin hydrocarbons consisting of : 
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is pumped through a coil and into a separator main- 





























Let V=0.4 (first trial) 
Vapor PF P—1 vr P—1 1+Vr P—1 Yy=P(Xz) 

Pressure _ — — onde eis 

Mol. Frac. at 100° F. " ® 3 3 Xi 3 
SE ORS Aer eee 03 187.0 3.11 2.11 844 1.844 :1625 5050 
PII oi 5s Catala oaaie cas 0.3 52.2 87 —0.13 —.052 .948 .3160 .2740 
ee ee Sri t wa utc ap eme poe % 0.4 15.6 .26 —0.74 —.296 .704 .5680 .1480 
1.0465 9270 
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tained at 100° F, What pressure must exist in the 
separator to cause the mixture to be entirely-liquefied, 
but at the point of initial vaporization (bubble 
point) ? 

By applying Raoult’s law, an equilibrium balance 
can be set up for each hydrocarbon between the 
liquid and the small bubble of vapor, assuming the 
amount of vapor formed is insufficient in quantity to 
cause the liquid to change appreciably in composition. 

Partial Pressure in Vapor = Partial Pressure in liquid. 
Total Pressure X mol fraction in vapor = vapor pres- 
sure X mol frac in liquid. 
(7) Propane 7 Y,;= 187 (.30) 
(8) N Butane TY.= 52:2 (.30) 
(9) N Pentane. - Tf Y¥s= 15.6 (.40) 
Yi+Y.+Y;=1 
Adding each side of equations (1), (2) and (3) 
@ = 187 (.30) + 52.2 (.30) + 15.6 (.40) = 78.25 Ibs. sq. in. abs. 

The composition of the bubble of vapor can be 
solved by substituting the value of 7 or total pres- 
sure into the above equations. 


WER oy | 
= 7825.77 0.72 Mol frac of propane in bubble 
os 52.2 (.30) _ 20 1 rab : ; 
= aes = 0.20 Mol frac of N Butane in bubble 
5 5.6 (.40) 0.08 
Y;= eee 25. 100 Mol frac N Peniane in bubble 


In a similar manner, the point at which total 
vaporization of the liquid occurs is obtained by 
se ting up equilibrium equations. 


(10) Propane @ .30= 187 Xs; 
(11) N Butane 7 .30= 52.2 X, 
(12) N Sears 7 .40= 15.6 Xs 


Xs-+ X4.+ Xs= 1 
By expressing the liquid fractions in terms of 7, 
such as 
X;= .0016 7 
X4 = 00575 7 
: 0256 7 


00167 + 005757 + 0256 7 =1 
7 = 30.2 lbs./sq. in. abs. 


Vapor *% 








Feed 











Liguid =X, 


FIGURE 3 
A single separator showing incoming feed and outgoing vapor and liquid. 
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FIGURE 4 
Graphical method for simplifying trial and error calculations. 


The composition of the drop of liquid in equilibrium 
with the vapor could be determined by substituting 
back into equations (10), (11) and (12). 

As long as the temperature is maintained at 100° F. 
there will be partial vaporization at all pressures be- 
tween 30.2 and 78.25 pounds,per square inch, ab- 
solute. 

If the mixture is subjected to 60 pounds per square 
inch at 100° F. the fraction vaporized can be cal- 
culated by the trial-and-error method by solving 
equation (5) for each hydrocarbon. See Table at bot- 
tom oi page. 


The number of trials necessary for a solution may. 


be reduced at times by making a graph of three cal- 
culations, in which the assumed values of V are 
plotted against the summation of Xy, and Yy. In 
Figure 4 stich a graph ‘is shown. 

Although the trial-and-error method is somewhat 
laborious, frequent calculations make it possible for 
an engineer to reduce the required time appreciably. 
Whenever a large number of components is present 
in a mixture, approximations can be made by selecting 
certain key components. In view of the large number 
of calculations which are being made today on stage 
separation installations, it is probable that short cuts 
will be developed which will greatly simplify the 
work required for obtaining satisfactory solutions. 
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Let V=0.3 (second trial) 


Let V=0.25 (third trial) 


Let V=0.26 (fourth trial) 




















V P— 1 m= =| T=] my =| |= =] T= =| 
4 Xi Yv ® Xi Yy Xi Yv 
.633 1.633 1840 5740 5275 1.5275 -197 613 -1935 6030 
—.039 -961 3130 .2720 —.0217 .9783 307 .267 fe 0338 0: 0662 3110 -2700 
—.222 .778 5150 1340 —.1850 8150 490 127 —0.1920 0.8080 4960 -1290 
1.0120 MOTE so tek Cane > tose: é 994 aus Sabbah a aaee 1.0005 









































(Within the accuracy of the slide rule and other readings). 
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Compression-Ignition Engine Fuels 


J. S. BOGEN and G. C. WILSON, Universal Oil Products Company, 
Research and Development Laboratories, Riverside, Illinois 


a: Gaauers in the field of high-speed diesel en- 
gines have brought them into extensive use for automotive- 
type service, At the close of the year 1941, there were in the 
United States approximately 10,000 commercial vehicles 
équipped with this type of engine. During the past three 
years, the widespread use of such engines for trucks, trac- 
tors, and marine purposes by the military and naval forces 
has increased the demand for high-speed diesel fuel. In gen- 
eral, these engines require a supply of volatile, high-cetane 
fuel; moreover, this supply should be produced in or near 
the district where the engines are operated or refueled. In 
the East, where straight-run paraffinic-type stock is avail+ 
able in quantities, the problem is not serious; but on thé 
West Coast, where the straight-run fuel has an ignition 
quality below that required by most engines, there is need 
for a simple solution to the problem of improving this prop- 
erty of the fuel. 

In the past, one of the outstanding advantages of the diesel 
engine has been its ability to operate economically on low- 
cost fuel. A survey of a number of engine manufacturers has 
indicated that a rise of 12 percent in diesel fuel cost will 
offset any advantage of economy which this type of engine 
may have at the present time. This narrow margin leaves 
very little opportunity for the application of quality-improv- 
ing refining processes. Moreover, if distribution costs are to 
be kept to a minimum, it is necessary to restrict marketing 
to a single grade of automotive diesel fuel. The refiner’s 
problem becomes very simple when the source of his crude 
oil is such that a straight-run cut meets the specifications for 
high-speed diesel fuel. In cases where the refiner is working 
with non-paraffinic crudes, his problem of meeting a 
50-cetane number requirement will range all the way from 
gaining a few centane numbers to the greater difficulty of 
raising the rating of his product 20 or more cetane numbers. 
It is necessary that an economical solution, such as the 
use of additives, be found for raising the ignition quality a 
few cetane numbers. 

In some localities the refiner who markets diesel fuel may, 
of necessity, have to produce high-speed diesel fuel from 
low-centane stock, such as thermal-recycle gasoil or unfav- 
orable crude oils. In cases where the fuel must be improved 
by 18- to 20-cetane number, either the stock may be blended 
with high-cetane material or special processes may be used. 
The effectiveness of solvent refining and hydrogenation for 
this purpose has been studied by Dryer, Chenicek, Egloff, 
and Morrell’. They have found that fuels of high ignition 
quality can be prepared by extraction alone or by solvent 
extraction and doping, but that a pour-point depressant may 
be required. Also, they state that the high blending values 
of the extracts suggest their use as blending stocks for 
tractor fuels. Hydrogenation produces fuels of high ignition 
quality without loss of fuel or change in physical properties, 
such as pour point, flash point, and distillation range; but 
solvent extraction offers greater possibilities since it can be 
adapted for use on a wide range of stocks irrespective of 
their sulfur «»ntent. In most cases these processes are pro- 
hibitive in cost. Under normal circumstances many ‘refiners 
do not find it advantageous to produce diesel fuel, since they 
can obtain approximately the same price for burner oik 
without the necessity of adhering to such strict specifications. 
In addition, the refiner who supplies diesel fuel usually is 
called upon to maintain an expensive technical service or- 
ee. to care for the complaints which often arise from 

ulty engine usage. 

In 1940, the C.F.R. Automotive Diesel Fuels Division Full- 
Scale Engine Group, working under C. G. A. Rosen’s supers 
vision, conducted a series of tests in which the same four 
fuels were used in seven different makes of engines. In W. Ge 
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5 sa paper gives in detail the cetane number improve- 
ment that may be expected when ethy! nitrate, isoamy! 
nitrate, commercial amyl ntirate and acetone peroxide 
are added to straight-run and cracked diesel fuels from 
Pennsylvania, Mid-Continent, East and West Texas, and 
California. Curves are given which show the average 
cetane number improvement that may be expected 
when any of the above ignition accelerators are added 
to typical diesel fuels. The effects of several other ig- 
nition accelerators when added to straight-run fuels 
are shown. Illustrations of the effects of ignition ac- 
celerators on the physical properties of diesel fuels are 
given, and it is shown that the most critical physical 
property is the flash point. | 

Engine data are given which show that ignition ac- 
celerators do not increase combustion chamber deposi- 
tions despite the increase in the Conradson carbon of 
doped fuels. It is shown that the engine economy is 
lowered in direct proportion to the amount of ignition- 
accelerator added. 

It is also pointed out that if extensive use of ignition 
accelerators is to be made, a study of their corrosive 
properties under engine operating conditions must be 
undertaken. 

Cost figures for doping various fuels to a requirement 
of 50-cetane number are given and show a maximum of 
about 0.12 cents per cetane number per gallon for 
California stocks. 

An extensive literature and patent search is ap- 
pended for those who wish to pursue the subject 
further. 

This paper was presented at the Annual S.A.E. Meet- 
ing, Detroit, Michigan, January 14, 1942, by J. S. Bogen. 








it has been revised and brought up to date. 





Ainsley’s report*® on this series of tests, it was shown that 
with an increase in cetane number of the fuel, exhaust 
odors and smoke, engine- roughness, engine deposits, and 
starting difficulties all decreased. These relationships are 
shown in Figure 1. Some engines show a greater sensitivity 
to ignition quality of the fuel than do others of different 
design. More recent investigations along the same line serve 
to substantiate the results reported by Ainsley with one 
possible exception—that pertaining to smoke. The data were 
not conclusive at that time and later investigation bears out 
the stated belief that some other factors overshadow any 
effect of cetane number in so far as smoke is concerned. 
In fact, it is known that operation with some high-cetane 
fuels under certain conditions results in more black smoke 
in the exhaust. than does the use of lower cetane fuels. 
The conclusion of the group was, that to insure satisfactory 
operation in all of the high-speed engines included in the 
series of tests the fuel should have a minimum-cetane num- 
ber of 47. On the basis of this conclusion, 50-cetane number 
fuel has been established as a satisfactory minimum require- 
ment for all automotive-type diesel engines in general service. 


Combustion in Diesel Engines 


The cetane number of a diesel fuel is a good indication 
of its ignition qualities and of the duration of the delay 
period between the time of injection and ignition, In gen- 
eral, it is related to the magnitude of cylinder, peak pres- 
sures and rough running in most high-speed diesel engines. 
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FIGURE 1 


The few engines which are not cetane sensitive are those 
which have combustion chambers designed to avoid high 
peak pressures even though required to operate on rela- 
tively low-cetane fuel. Spontaneous ignition temperature of 
a fuel is also a factor in its ignition quality. While a low 
spontaneous ignition temperature is a definite asset for im- 
proved ignition quality, there are several other important 
properties. Boerlage and Broeze have shown that the crack- 
ing tendency of a fuel is related to its ignition qualities’. 

The commonly accepted theory that the high peak pres- 
sures following a long delay period are due entirely to an 
accumulation of unburned fuel in the combustion chamber 
is incorrect. It has been shown by a large number of oscillo- 
grams taken with the Rose indicator at the University of 
Wisconsin* that other factors are more important than the 
quantity of fuel injected before ignition occurs. Two fuels, 
with ignition qualities of 19-cetane number and 70-cetane 
nuniber respectively, were injected into an open-combustion 
chamber engine running at 1250 rpm. The duration of in- 
jection was short, about 12 degrees of crank travel, so that 
in every case all the fuel was injected before any of it 
started to burn. The delay period was increased by advanc- 
ing the time of fuel injection. All the fuel was injected 
during a period of 1.6 milliseconds, but rough running atid 
knocking did not occur until the delay period exceeded 2 
milliseconds. The injection timing at which knocking began 
was 20 B.T.C. (ignition lag 2.04 milliseconds) for the low- 
and 46° B.T.C. (ignition lag 3.14 milliseconds) for the high- 
cetane fuel, and the knock intensity increased as injection 
timing was advanced until violent knocking conditions oc- 
curred at a timing of 29° B.T.C. (ignition lag 4.1 milli- 
seconds) for the low- and 54° B.T:C. (ignition lag 4.59 milli- 
seconds) for the high-cetane fuel. This indicates clearly 
that, the longer a definite quantity of fuel is exposed to the 
temperature and pressure of the air in the cylinder during 
the compression stroke, the greater the combustion shock 
when it finally ignites. Thus, the duration of such exposure 
is as important as the accumulation of. fuel during the delay 
period. \ 

Therefore one may conclude that pre-flame reactions of the | 
fuel play an important part in determining the rapidity of — 
its combustion. 


‘Means for Controlling Combustion 


Inasmuch as it is possible to design diesel engines for 
operation on low-cetane fuel, there has been much debate 
as to whether or not there is need for. a high-cetane fuel. 
However, the demands of automotive-engine service are for 
a reduction in weight and space requirements of thé power - 
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naphthenes, and aromatics, in percentages. While. these 





plant. In general, any attempt to show a saving in fuel be- 
cause of increased cetane numbers has been disappointing, 
For engines operating within moderate speed ranges (below 
1800 rpm), the thermal efficiency of any given engine stays 
surprisingly constant for a wide range of Toads, Thus, so far 
as fuel economy is concerned, the heating value of the fuel 
is the most important consideration, Simplification of design. 
and reduction in weight per horsepower, together,with the 
expectation of reduced maintenance probiems, have lead 
most high-speed diesel-engine builders to accept the need 
for fuel with a cetane number of 45 or better. In the past, 
refiners have been able to meet this demand by proper selec- 
tion of their products. : ; ? 

It has been pointed out that both the nature of the crude 
oil and the process of refining affect the ignition qualities of 
a diesel fuel. Table 1 shows cetane-number ratings for 
straight-run diesel fuels produced from almost every major 
oil field in the United States. While these figures undoubt- 
edly are accurate for the particular samples tested, samples 
will differ somewhat within any given locality, It is inter- 
esting to note that about 30 percent of these straight-run 
fuels are less than 50-cetane number, It has been pointed 
out by several investigators that high ignition quality, in 
many cases, is linked up with the presence in the fuel of 
paraffinic chains*. This fact is emphasized by the data in 
Table 1. The type of crude oil has been defined in terms 
of the division of the straight-run product among paraffins, 
































values are approximations from calculations depending upon 
UOP Characterization Factor’, they may be regarded as 
sufficiently accurate for purposes of comparison, 

Other means for supplying a fuel of satisfactory combus-+ 
tion characteristics are the use of special processes or the 
use of additives. The use of special processes has been dis- 
cussed previously. The remainder of this paper is devoted © 
to a detailed study of diesel fuel ignition accelerators. 


Ignition Accelerators 


The hundreds of materials that have been proposed as 
ignition accelerators have been arranged in eleven groups. 
An extensive literature and patent search has been made and 
the information classified. A complete bibliography is fur- 
nished at the close of this paper. As an introduction to the 
detailed study of a. few of the possible additives, each of the 
major groups are discussed in the following paragraphs. 

A. Aliphatic hydrocarbons—Examples of this class of ignition 
accelerators are acetylene, allylene; divinylacetylene and 
butadiene. These compounds are relatively ineffective 
as ignition promoters when compared with the nitrates 
and peroxides, and consequently must be added in 
reasonably large concentrations. The mechanism of the 
reaction appears to be oxidation of the olefinic double 


TABLE 1 


Cetane Numbers for Straight Run Diesel Fuels from United States 
Crude Sources Arranged Geographically 










































TYPE OF CRUDE* REFERENCEt 
CRUDE SOURCE P N A No. No. Tabie No. 
1. Pennsylvania.......... 85 9 6 65 12 IV 
2. Pennsylvania.......... 85 9 6 62 11 ‘I 
3. Kentucky............. 73 12 15 52 11 II 
4. Michigan.............. 83 9 68 11 II 
5. Michigan.............. 66 15 19 56 12 IV 
O; Tagish ees 74 12 14 52 12 IV 
Y, TRI Shen ser cias 74 12 14 52 12 IV 
8. Mid-Continent. ........ 75 12 13 55 12 Ill 
9. cen PSNR ORT 69 14 17 59 12 IV 
10, Oklahoma............. 75 12 13 56 ll Il 
11, Louisiana.............. 89 7 4 63 12 IV 
12. Gulf Coast............ 75 12 13 58 YW li 
13, South Texas........... 47 21 32 33 12 It 
14. South Texas........... 45 22 32 12 IV 
15. pt” Terr men 2! 75 12 13 55 ll Il 
16. East Texas............ 70 14 16 57 12 IV 
17. West Texas............ ) 8 64 12 IV 
8. West Texas............ 69 14 17 48 12 IV 
19. West Texas............ 67 15 18 45 11 Il 
New Mexico........... 58 17 48 12 IV 
21, Rocky Mountain....... 73 12 15 51 ll il 
22. Wyoming.............. 80 10 10 68 12 IV 
, eS a 73 12 15 59 12 IV 
24. California............. 69 14 17 47 11 op 
25. California............. 64 16 20 45 12 Ill 
26. California............. 56 18 26 41 12 IV 
* The type of crude is detined by stating the approximate amounts of the different 
of hydrocar sae choclate stn, sieonl Task on tadlouted tor leboecnece date ont Oe 





Chargaerentage Tales a tn _ : 
—Paraf opens —Naphthenes, —Aromatics, in percent. 
t The data for thi table were taken from the references No. ii and No. 12 
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bond, which produces sufficient thermal energy to cause 
ignition. (16 references.) 

B. Aldehydes, ketones, ether, esters, etc—-These compounds 
may exemplified by furfuraldehyde, acetone, diethyl 
ether, ethyl acetate, nitroglycerine and methyl alcohol. 
They have an order of effectiveness slightly greater 
than that of the aliphatic hydrocarbons; however, 
diethyl ether is excellent for starting, whereas the other 
compounds are not. The most logical explanation of the 
mechanism of the operation seems to be that under 
engine operating conditions this type of compound is 
thermally unstable and therefore may be readily 
ignited. Nitreatycerine. being an explosive, is very un- 
stable under temperaure and pressure. (61 references.) 

C. Metal derivatives—Some examples of this group are barium 
nitrate, copper oleate, manganese dioxide, potassium 
chlorate, and vanadium pentoxide. In general, the effec- 
tiveness of the compounds is just slightly less than 
that of the aliphatic hydrocarbons and the peroxides. 
Some are the ingredients of explosives, e.g., potassium 
chlorate. The pentoxides, e.g., vanadium pentoxide, ap- 
parently have a dual effect, that of the metal and that 
of the oxygen, and they are unstable under engine 
operating conditions. The exact action of the metals is 
not understood and, like the action of tetraethyl lead in 
the Otto cycle, is subject to many explanations. (29 
references) 

D. Alkyl nitrates and nitrites and nitro compounds—Typical 
of this group are ethyl nitrate and ethyl nitrite. This 
class of compounds is highly effective in promoting 
ignition in the diesel engine, being exceeded only by 
certain of the peroxides. Ignition is apparently caused 
by the action of the nitrate or nitrite group. These com- 
pounds are semiexplosives. (92 references) 

E. Aromatic nitro compounds—These may be exemplified by 
nitrobenzene or nitronaphthalene. Their action is essen- 
tially the same, but they are less effective than the alkyl 
nitrates because of the stability of the aromatic ring. 
(42 references) 

F. Nitration—Nitration of the fuel produces many compounds 
to which the nitrate group is attached. In general, they 
are less effective than the alkyl nitrates because of the 
lower ratios of the weights of the nitrate group to those 
of the hydrocarbon portion of the compound. However, 
the action is similar. (9 references) 

G. Oximes and nitroso compounds—Examples of this group 
are formaldoxime and nitrosomethylurethane. In gen- 
eral, these compounds have an effectiveness approxi- 
mately halfway between that of the aliphatic hydro- 
carbons and alkyl nitrates. Again, the aiaiiennans is 
due to thermal instability and the action of the nitroso 
group. In other words, they are good oxidizing agents. 
(4 references) — 

H. Oxidation and oxidation products—Oxygen and ozone are 
two typical examples of the class of materials included 
in this section. Their effectiveness is relatively low and 
their action is explained by the fact that the rate of 
oxidation is increased by the greater concentration of 
oxygen. (28 references) 

I. Peroxides—Acetone peroxide is the most prominent example 
of the peroxide class. It is slightly more effective than 
the alkyl nitrates, and therefore heads the list so far as 
effectiveness is concerned. These compounds are of an 
explosive nature and are effective because of their ex- 

treme instability. (49 references). 


J. Polysulfides—A representative of the polysulfide group is 


TABLE 2 


EFFECT OF VARIOUS IGNITION ACCELERATORS 


Cetane Number of a Mid-Continent Straight-Run Diesel Fuel 
to Which Has Been Added 2% by Weight 
of the Following Compounds 













OMPOUND Cetane No. 
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diethyl tetrasulfide. In general, the polysulfides have an 
effectiveness on the order of the oximes. Perhaps this 
is to be expected, since the sulfur portion of the com- 
pound reacts in a manner similar to oxygen compounds. 


(22 references) 


K. Unclassified—This section includes various materials upon 
which information was insufficient to justify a separate 
section. Some of these are the halogens, sulfur and cer- 
tain sulfur compounds, and the amines. The sulfur and 
sulfur compounds have an action similar to that of the 
polysulfides and all compounds with the exception of 
the thionitrates and thionitrites have an order of effec- 
tiveness similar to that of the polysulfides. The thio- 
nitrates and thionitrites, along with certain of the 
chloronitro compounds, e.g., trichloronitromethane, are 
so very effective that they rank with acetone peroxide. 
In addition, these compounds have a marked effect 
upon the starting characteristics of the fuel which is 
contrary to that observed for most of the other mate- 
rials. Although not considered practical at this time, 
chlorine is exceedingly effective for both starting and, 
normal operation. The action of the amines as ignition 
accelerators is exceedingly questionable. Certain of 
them in combination with nitroso groups are effective 
but amines as such, e.g., aniline, are definite anti-knock 
agents for the Otto cycle engine. (86 references). 

A rough generalization in regard to the solubility of the 

various ignition accelerators may be made, i.es, the more 
effective the ignition accelerator, the less soluble in diesel 


fuel. 


__ It is surprising to find a number of compounds mentioned 
in the literature and patent search which, according to ac- 


cepted theories, could have but little of the desired ef- 
fect and would be expected to have the opposite effect. 
Among these are aniline, benzene, iron pentacarbonyl, and 


ammonia, all of which are known to have anti-knock proper- 
ties when used in the spark-ignition engine. Consequently, a 
certain amount of caution must be exercised in the use of 
this literature search. Sirice an attempt was made to have the 


search as nearly complete as possible, nothing was omitted 
even though some of the material is of doubtful value, and 
303 references are included in the 11 sections. They are cross- 
indexed both as to compound type and general classification. 
It is interesting to note that the sections may be listed in 
the following order of their prominence, as shown by the 
number of individual references in each section: 

D. Alkyl nitrates and nitrites—92 
. Aldehydes, ketones, ethers, esters, etc.—61 
Peroxides—49 
. Aromatic nitro compounds—42 
Metal derivatives—29 


. Oxidation and oxidation products—28 
Polysulfides—22 

. Aliphatic hydrocarboris—16 

Nitration—9 

. Oximes and nitroso compounds—4. 

The fact that the alkyl nitrate and nitrite section shows the 
most references probably explains why these compounds 
have most nearly approached commercial development. 

It should also be noted that the statements as to the effec- 
tiveness of the various classes are based on values obtained 
by this laboratory and it is realized that they do not agree 
completely with some of the previously published results. 

Tables 2 and 3 show the comparative effectiveness of some 
of these additives when applied to a given fuel. Table 2 is 
for a 50-cetane fuel and Table 3 is for a 44-cetane fuel. 
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TABLE 3 


CETANE IMPROVEMENT FOR VARIOUS ALKYL NITRATES 


When 1.5% is Added to a Base Fuel of 
44 Cetane Number 














Cetane Number— Increase 

Base Fuel Plus in Cetane 

ALKYL NITRATE 1.5% Alkyl Nitrate Number 
SE RIES Site Poe PERI oe 63 19 
Normal amyl nitrate...................0cseee cease 67 23 
PUGRMIAD-TUEY! IGENES 5 ois ais oie sic coc Sv cere eee vice 63 19 
NINN a5 ouja-5 ps de og oh ny ya 6 ovia's b4s,< vis oa 61 17 
SI ee Ak a ety a GS Shs ais «Gra o's 63 19 
ee Ee ARETE MSTA Ca ie ESS 66 22 
Secondary hexyl nitrate 62 18 
Secondary amy! nitrate 64 20 
Isoamyl nitrate................. EF 65 21 


WOON UNDE IDS os eros as asks isos eetace 64 20 











Chemicals, Inc., Philadelphia, Pennsylvania. (January, 1941). 


Note: The data for this table were furnished in private communication from Sharples 
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TABLE 6 
and Calculated ignition Qualities of Doped Mid-Continent Cracked Diesel Fuel 
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Comparative Data for Acetone Peroxide, Ethyl Nitrate and Isoamy! Nitrate 
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* These values were obtained by conversion from kinematic viscosities (centistokes at 100° F.) 





Comparative Study of Three Prominent Ignition 
Accelerators 


The effects upon cetane number of three different ignition 
accelerators, i.e., ethyl nitrate, isomyl nitrate, and acetone 
peroxide when they are added to four types of straight-run 
and, cracked stocks, are shown in Figures 2 through 6 and. 
in Tables 4 through 9. Inspection of the data indicates that 
these three types of ignition accelerators raise the cetane 
number of the stocks to which they are added in the order of 
ascending effectiveness listed below: 

Ethyl nitrate 

Commercial amyl nitrate - 

Isoamy] nitrate 

Acetone peroxide. 

In general, fuels of high-cetane number are more respon- 
sive to additions of ignition accelerators than those of low- 
cetane number. This agrees with the findings of Broeze and 
Hinze.* This is the opposite effect from that usually noted 
when tetraethyl lead is added to gasoline, since the lead 
susceptibility of most gasolines decreases as the octane num- 
ber rises. The data in the previous curves are summarized as 
shown in Figures 7, 8, 9, and in Table 8. These susceptibility 
charts are useful in predicting the rise in ignition quality 
owing to the addition of ignition accelerators to fuels whose 
clear cetane number is known. If exact values are needed on 
the susceptibility of a fuel to the addition of any type of 
additive, it is necessary that engine determinations be made. 
The susceptibility of fuels to additives is different in various 
engines; for example, when ethyl nitrate is added to a fuel 
and is run in both a CFR diesel engine, by the Delay Method, 
and in the submarine-type Fairbanks-Morse engine, 5 per- 
cent of ethyl nitrate increases the ignition quality an average 
of 38-cetane numbers in the submarine engine and only 19 
in the CFR engine. 

The effect of ignition accelerators on physical properties 
of diesel fuels is clearly shown in Figures 10 through 13 
and Tables 5 and 6. The most pronounced effect of the addi- 
tives is on the flash point and Conrgdson carbon figures. The 
data on the flash point are shown in Figure 10 and Tables 5 
and 6. The reduction in flash point, fog all but isoamyl nitrate, 
is of such magnitude as to cause th® usual light diesel fuel 
to fall below the 150° F. legal flash point. We know of no 
method of circumventing this serious obstacle except to have 
the initial boiling and flash points of the fuel high enough 
to stand the reduction caused by the additive. If the 90- 
percent and end-point specifications are to be met, the diesel 
fuel will have to be a rather narrow cut of the total possible 
fraction of crude which might ordinarily be used. The in- 
crease in the Conradson carbon figures is shown in Tables 5 
and 6. The inspection data indicate that the Conradson 
carbon increase, whether taken on the complete fuel or on 
the 10-percent-distillation bottoms, is of sufficient magnitude 
to cause serious engine deposits. However, all engine experi- 
ence known to the authors indicates that deposits using 
doped fuels are no more serious than those obtained with 
clear fuels whose Conradson carbon on the 10-percent bot- 
toms is equal to the Conradson carbon of the doped: fuel 
before the addition of the ignition accelerator. It is also 
interesting to observe that the increase in Conradson carbon 
with the addition of dope is more marked in cracked fuels; 
this is to be expected when the chemistry of ignition accel- 
erators is_considered. 

All data known up to the present indicate that acetone 

eroxide probably is the most effective, reasonably stable 
ignition accelerator, and commercial amyl nitrate is the most 
effective semi-commercially available ignition accelerator. 


Isoamyl Nitrate 


Amyl nitrate is the only accelerator whose cost is reason- 
able and for which commercial production has been set up 
tentatively. Sharples Chemicals, Inc., has quoted a price of 
$1.00 per gallon for commercial amyl nitrate. This material 
is slightly less effective than the pure isoamyl nitrate, for 
which a large amount of data is given in the previously dis- 
cussed curves and tables. Its effectiveness is also very little 
different from that of ethyl nitrate. A number of investi- 
gators, ourselves included, have found that commercial amyl 
nitrate is stable in storage either when blended with a fuel 
or in the concentrated form. Fuel blends stored for over 
three years have shown no drop in cetane number or change 
in other properties due to the addition of the commercial 
amyl nitrate. The effect of various isomeric alkyl nitrate is 
shown in Table 3. 

Table 10 indicates the cost of increasing the ignition 
quality of various fuels, both straight-run and recycle stock, 
with commercial amyl nitrate. It is interesting to note that 
the peak cost for a California cracked stock amounts to 
approximately $0.0012 per cetane number per gallon, or 





{277} 123 


























































































































































Avanace Cerave race Jotmovenenr Conteos:re Gast Sxew/ne Co 
Laaseo ON THE I Sves JesTe©o Aree x SNIATE Cermwe Nbantscr SNIP RO VEMIEN~ ' 
WIN. THE Aare) OF Fen Va <10us Aoerrievs 
Vaerous Son FxIaV ficcec LRATORS =e 2 
Lrw Ya- STRATE 
+ Acerone 4Ktrowoe j FUEL 
© Low “Vereare : . 
© foam. /Wreare 1. Pa 
 /a) 40 
ea : 
4 170% 
FS | g © 4 5 os ; 
gy a 2. Mi 
<4 X P £027 a 
en \ KA 
iu F AOK 
t FO Ae rae B: x Pa oe sea b 
N -[— g A % 3. Ba 
. 25 Pat Zz ed é ie ae et 8 ok ak ; 
N YS arg ot: ; PY r we) 
of ~ Yt Cz FAR 
© 4 we, 4 4, We 
y ae en Ft Sa ae 
z Z 2 Ee ana wt 5, Bas 
g oss L- ~| a 
, 2) A. 7A ‘ 40 — << a 
Q a : vg Ee 6. Cal 
a. 
L3 t42- 
v in 4 Be, #0 we b 
TA | 
N 4 gt 
5 shG \ 30 i: 
“ 4 fie 6 A) lo. 
Oo . 20 
Oo 4 Zz 3 4 JO 395 40 4 920 GF 60 66 
ARRCENT Of Senrrtion FCEL ERATOR Catiawdé Praia ~ Crane 
FIGURE 6 FIGURE 8 
DIESE 
Bf Aceton 
Comvosre Geary THewne Conteasx re Geary SHowine ro : 
Aenocuntare CaTrane /Virrecxe (are RovEeNzENT Arexoxiware Cerane Venracr frreaownenr ie 
AC Vaxrous Aon rions - FE Oe Vae“cvous Aloo: TIONS 
of or 
Acerona (bR0KIO€ Asoart yi. /Vireeare 
An 
40% 
742) onl a. 
. “jaor ie 
LOR 


ote LO% 





8 
S 





>— Box CRUDE 


| JOK 


wa" = 


es 
Pal 
£2 Of fn 


Cetane 
Acetone 
Ethyl n 


ttc 
| i BF 6h Be" Pe /O% penal 
= 47 ———s 
rn cole 


\ 































































































¥ 
R y 
§ 
: 
: : 
N v 
b Y 
SO GO p 
‘ Bak | i ae . a 
N Pa Be daa So it. 
S © el A ye 5 : oa ied a Pk 
Y at Lo 7 i + site S ma a a “4 
. ae | Ys ; L- vem x Liat e. ° bens nh rs 
N af J A q aan 
¢ G0 Pa fall < ol] N o> ¥ cot inte # i wr] Cos 
iN Si = g Cor ; ~- 
. ag oe PUEL 
A1 c a Pat ae] — 
vw ZO 40 ~ Cetane 1 
: La : at: rec 
. \ 1] ian 
~ e 
8 2 — ae ae ents 
“Ze. ve 39 eta 
: | i 
—— ee. ee aS OES os. eae ee ae a 4 
Caran é WVanaer ey Cz EAR Cevwwe Want ae - Cieare 
Cos: 
Producti 






FIGURE 7 . FIGURE 9 






124 = ={278} Petroleum Refiner—V ol. 23, No.7 





1m 


\\ ry) 


TABLE 7 


Comparative Data for Three Dopes When Added to Straight-run 
and Cracked Diesel Fuels from Six Crude Sources. Acetone 
Peroxide, Ethyl Nitrate, Isoamy! Nitrate 











0 CETANE NUMBERS 
n- 
FUEL DOPE doped) 0.5% | 1.0% | 2.0% | 3.0% | 4.0% 





1. Pennsylvania: 

a. Straight run...... Acetone Peroxide | 61 74 77 85 91 98 
Ethyl Nitrate 61 72 76 81 91 99 
Isoamy] Nitrate 61 72 76 83 90 96 
Acetone Peroxide | 42 52 56 64 
Ethyl Nitrate 42 49 55 63 66 71 
Isoamy! Nitrate 42 50 56 64 


Acetone Peroxide | 50 61 65 76 81 85 
Ethyl Nitrate 50 57 63 68 75 80 
Isoamy] Nitrate 50 57 63 69 74 80 
Acetone Peroxide | 33 41 44 52 59 65 
Ethyl Nitrate 33 37 40 47 52 57 
Isoamyl Nitrate de 38 42.) 49 54 58 


Acetone Peroxide | 58 67 74 80 84 = 89 
Ethyl Nitrate 58 67 71 79 82 85 
Isoamy] Nitrate 58 67 71 78 82 86 


Acetone Peroxide | 47 55 59 70 75 80 
Ethy! Nitrate 47 52 58 64 70 75 
Isoamy! Nitrate 47 52 58 64 73 77 


b. Cracked.......... 





2. Mid-Continent: 
a. Straight run...... 


b. Cracked.......... 


3. East Texas: 
a. Straight run...... 


4, West Texas: 
a. Straight run...... 


5. East & West Texas: 


a. Cracked.... Acetone Peroxide | 38 47 52 58 65 72 
Ethyl Nitrate 38 43 . 56, 61 66 
Isoamy] Nitrate 38 44 57 62 67 

6. California: 


Acetone Peroxide | 41 51 55 60 68 74 
Ethyl Nitrate 41 47 51 59 63 67 


a. Straight run...... 


























approximately $0.02 per gallon to raise the average cracked 
stock to 50-cetane number. It would cost $0. per gallon to 
raise the average California straight-run fuel to 50-cetane 
number. . 


All data accumulated thus far show that ignition accelera- 
tors have a very minor effect on economy or power output 
of the diesel engine; that is to say, if we compare a fuel of 
50-cetane number clear to a fuel which has been brought to 
50-cetane number by the introduction of a minor’amount of 
ignition accelerator, the economy obtained and the power 
of the engine will be approximately the same. The diminished 
economy and power output of the fuel to which the ignition 
accelerator has been added is proportionate to the reduction 
in the heat content of the fuel. The reduction in the heat 
content of the fuel due to commercial amyl] nitrate ignition 
accelerator is illustrated in Table 11, which also shows the 
low heat content of the commercial amyl nitrate, namely, 
11,270 Btu per pound. Data’ obtained from the Fairbanks- 
Morse six-cylinder, Model 36A, 4%-inch-bore by 6-inch 
stroke diesel engine indicate that as the cetane number of 
the fuel is increased, whether by the addition of dope or by 
using a fuel whose inherent cetane number is high, the engine 
roughness and the rate of pressure rise are both reduced. 
Other observers®*” have found that engine roughness is 
reduced when the cetane number of the fuel is raised by the 
addition of ignition accelerators. The effect on the economy 
of the above mentioned engine’ when increasing quantities of 
commerical amyl nitrate are added to the fuels shown in 
Table 11, is given in the following data: 

















Isoamyl Nitrate 41 47 52 59 63 67 
b, Cracked..........| Acetone Peroxide | 33 41 45 51 57 63 k 
Ethyl] Nitrate 33 | 39 | 44 | 49 | 53 | 57 ERE bn areas 
ee | ae ee ae No. _| Eff., Percent |Lb./Bhp./Hr. 
Mid-Continent Cracked........ St cod Si pe lth 36.3 29.4 0.455 
1 Percent Commercial Amy] Nitrate.......... ® 460 29.2 0.460 
2 Percent Commercial Amyl Nitrate.......... 52.0 29.0 0.464 
TABLE 8 3 Percent Commercial Amy] Nitrate.......... 57.0 29.2 0.464 
Average Cetane Number Improvement With Addition of Mie Comnes meio n yy ro pgishos tenths tn) =e a4 .— 
1 Percent Commercial Amy! Nitrate.......... A f y 
Three Diese! Dopes to the Nine Fuels 2 Percent Commercial Amyl Nitrate.......... 75.5 29.1 0.445 
Listed in Table 4 3 Percent Commercial Amyl Nitrate.......... 80.5 28.9 0.452 
Averages from data of Table 7 








Average Increase in Cetane 
Number for Dope Additions 





| 


DIESEL DOPE 10.5 Percent/1.0 Percent |2.0 Percent|3.0 Percent|4.0 Percent 























| 
Acetone peroxide............. 9.6 13.8 21.4 27.7 33.1 
Ethyl nitrate................. 6.7 11.7 18.1 23.3 27.7 
Isoamyl nitrate........... | 7.0 12.1 18.8 | 24.0 28.6 
TABLE 9 


Amount of Dope Required to Raise the Fuels Listed in Table 4 
to 50-Cetane Number 
Percent of dope by weight 








| 



































CRACKED 
l Straight Run 
E. & W. 
CRUDE SOURCE Mid-Cont.| Cal. Texas | Penn. Cal. | W. Tex. 
Cetane Number... .. ae 33 33 38 42 41 47 
Acetone peroxide, percent. . . 1.70 1.80 0.80 0.40 0.50 0.15 
Ethyl nitrate, percent......... 2.40 2.33 1.10 0.55 0.80 0.30 
lsoamy] nitrate, percent....... 2.20 2.25 1.00 0.50 0.75 0.20 
TABLE 10 


Cost of Increasing Ignition Quality to 50-Cetane Number with 
Commercial Amyl Nitrate for Cracked and Straight-Run 
Distillates from Five Crude Oils 


=_—_ 

















Mid- CALIFORNIA E. & W. 
: Penn. | Cont. W. Tex.| Tex. 
FUEL Cracked| Cracked) Str.-R. | Cracked! Str.-R. | Cracked 
Cetane number..............+:- 42 aa et 33 47 38 


pe required to equal 50-cetane 
number, percent by weight....| 0.50 2.20 0.75 2.25 0.20 1.00 
Increase in cost by adding dope, 
cents per gallon of fuel........ 0.444 1.95 0.636 1.96 0.168 0.877 
ost per cetane number, cents per 


RR EE Ee 0.055 0.1147 | 0.0707 | 0.1153 | 0.056 








0.073 




















Notes: No dope is required for the following straight run fuels: 





es co OP a ae as erg Cetane No. 61 
Mid-Continent. ........ OS cansFeostar theses Cetane No. 50 
ONE NONNE  ic3 hha £05 pax eaeste see Rote Cetane No. 58 


Production. 


uly, 1944__A Gulf Publishing Company Publication 


Cost of commercial amy! nitrate taken as $1.00 per gallon, as estimated for quantity 








This diminution in economy parallels the reduction in heat 
content, as indicated by the almost constant value of thermal 
efficiency. Incidentally, the thermal efficiency for this engine 
remained nearly constant at 29 percent of a series of tests 
covering a wide range of undoped fuels. 

Data from the same source’ reveal that commercial amyl 
nitrate has a negligible effect upon the duration of comb: ;- 
tion. Other data®* show that ethyl nitrate tends to increase 
the primary burning rate but has little effect upon the 
secondary burning rate; also, that the effect on the primary 
burning rate decreases rapidly with increasing percentages 
of ignition accelerator. Neither the completeness of combus- 
tion nor its effectiveness is changed by the addition of dope 
to the fuel. 

Data for 30 different distillates are shown in Table 12. 
These data show a considerable variation in cetane response 
for some fuels, and serve to emphasize the need for caution 
in the use of Figure 9 for estimating the amount of isoamyl 
nitrate required for any specific fuel problem. The part of 
this table which shows the increase in cetane number for 
each % percent increase in amyl nitrate shows that, in gen- 
eral, the first % of 1 percent supplies the greatest effect and 
that the increment of gain diminishes rapidly as more is 
added. Consequently, the proportionate gain in cetane num- 
ber is small for quantities of amyl nitrate greater than 3 
percent, 

All full-scale data at hand indicate that the use of ignition 
accelerators does not materially increase engine deposits 
over those produced by an undoped fuel of equivalent cetane 
number. Data shown in Table 13 indicate that there may be 
a slight increase in deposits using amyl nitrate. Even so, the 
difference of 6.1 g. deposit in 66 hours’ running may be due 
to experimental error in scraping and collecting the deposit. 


Starting 


In general, ignition accelerators have little effect upon the 
low-temperature-starting ability of a fuel. For example, a 
fuel of 40-cetane number doped to 50-cetane number may 
still have the starting characteristics of a fuel of approxi- 
mately 40-cetane number. This statement is substantiated by 
the fact that the critical-compression-ratio (C.C.R.) ratings 
for doped fuels are usually lower than the Delay ratings. 
This is a distinct disadvantage for a fuel whose cetane num- 
ber is made up by the addition of an ignition accelerator. 
There are certain exceptions to this generalization, namely, 
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} TABLE 11 
Laboratory Inspection Data Straight-Run and Cracked Mid-Continent Gas Oil to Which Commercial Amy!-Nitrate Has Been Added 














Conradson|~ Flash : Higher 
Percent | Viscosi Gravity at 60° F. Carbon Point DISTILLATION CHARACTERISTICS °F. Cetane | Aniline Diesel | Heating 
Amyl | at 100° F. Percent by} (Pm) No. Point Index Value 

FUEL No. Nitrate S.S.U. A.P.I. Specific Weight oF, LB.P.| 10% | 20% | 30% | 50% | 90% | E.P. Delay F. No. B.t.a./Lb. 
SRR oe 0 34 28.3 0.8855 0.007 188 374 | 449 463 | 476| 494| 548) 610 36.3 102.0 28.9 19,070 
a... 1 34 28.1 0.8866 0.094 182 243 | 449 467) 476 | 494| 548) 610 46.0 aka Bay 19,000 
ey. keen 2 34 27.8 0.8883 0.210 174 240 | 448 | 467 | 476 | 494}; 550); 610 52.0 eelers itn 18,930 
He... 3 34 27.7 0.8888 0.290 172 260 | 439 | 466) 476 | 494 612 57.0 bir te aie 18,840 
Bes... aapws 0 36 38.1 0.8343 0.010 170 374 | 434] 453 | 473 | 512/| 617 | 669 55.0 161.2 61.4 19,770 
RRR aS 1 36 37.6 0.8368 0.053 168 266; 429 | 453) 473 512| 617 {| 669 68.9 vB es cide 19,650 
EEE IES, 2 36 37.6 0.8368 0.074 164 260 | 426 | 452) 468] 509 | 617; 666 75.5 19,600 
RRO 3 35 37.5 0.8373 0.090 158 254 | 419 | 453 | 468 | 509) 617) 666 80.5 19,500 
myl Nitrate... e 28 11.4 0.9902 ance pis 293 | 298 | 298) .... 337 vs 11,270 



























































Notes: * Fuel No. 1 is a Cracked Mid-Continent Gas Oil. 2 is 
This table was taken from a thesis by Dr, A. F. Robertson—see Bibliography. 


the thionitrites, chlorine, and such compounds as exemplified 
by trichloronitromethane. These compounds all have marked 
eects toward improving the starting characteristics of the 
fuel in which they are blended. For maximum starting effect, 
chlorine may be added to the intake air. This is also true for 
diethyl ether. However, the starting characteristics of the 
fuel itself may be improved materially by the addition of the 
ethers, e.g., diethyl ether, although these compounds appar- 
ently do not act as ignition accelerators since their effect is 
apparently due to the extreme volatility and high critical- 
compression-ratio rating of the material. This is shown by 
the fact that as the number of carbon atoms in the alkyl 
chain is increased and the volatility drops, the effect of the 
additive as a starting agent is diminished. 


Corrosion 


If extensive use of the nitrates or peroxides as ignition 
accelerators for diesel fuels is to be made, a study of their 
corrosive properties under engine-operating conditions should 
be undertaken. Data procured in the authors’ laboratory 
show that the peroxides are most corrosive and that the 
nitrates have a small effect. These compounds cause pitting 
of the injector nozzle tips. valves and seats. Data obtained 
from the 6-cylinder, 4-cycle, Fairbanks-Morse engine at the 
University of Wisconsin’ indieate that corrosive effect of 
commercial amyl nitrates is negligible. There has been little 
extended running of doped fuels on full-scale engines so 
that no definite conclusions may be drawn as to their cor- 
rosive effects. 


Conclusions 
1. The use of ignition accelerators is a practical means of 


improving the cetane number and ignition qualities of 
diese] fuels. 


2, Amy] nitrate is the ignition accelerator most likely to be 


t Fuel No. 2 is a Straight Run Mid-Continent Gas Oil. 


(No. 7) 


used because, to the authors’ knowledge, it is the only one 
which has had commercial development at this time. 

3. The cost of increasing the cetane number with ignition 
accelerators is dependent upon the susceptibility of the 
individual stock and the increase necessary, as well as on the 
ignition accelerator chosen. The average cost probably will 
be approximately $0.0010 per cetane number per gallon. 

4. Ignition accelerators tend to reduce the flash point of 
usual diesel fuels below the legal limits. 

5. Ignition accelerators tend to increase the Conradson 
carbon on the 10-percent-distillation bottoms but do not 
materially increase the carbon-deposit formation in the 
engine. 

6. Because of reduced net heat content, fuels to which 
large quantities of ignition accelerators have been added tend 
to show a poorer economy than those which by virtue of 
their nature! properties have an equivalent cetane number. 

7. Engine roughness is materially reduced by increasing 
the cetane number with ignition accelerators; however, the 
completeness of combustion is not affécted. 

8. With a few exceptions the majority of the ignition 
acceleratots known to the authors have little effect upon 
the low-temperature-starting quality of a diesel fuel regard- 
less of the quantity added. 

9. Some ignition accelerators may have seriotis corrosive 
effects. Before any extensive use is made of these materials, 
a complete study of the corrosion tendencies should be made 
because there are too iittle data to allow prognostication at 
this time. 

10. To date it is doubtful whether or not ignition accelera- 
tors can be economically justified. West Coast fuels need to 
have their cetane number increased by some method and it 
would seem most practical to use a combination of solvent 
extraction and smail quantities of ignition accelerators. The 
solvent refining process will increase markedly the ignition 






























































: TABLE 12 
Cetane Response for Addition of Amy! Nitrates to Distillate Fuels from United States Crude Sources 
Amyl Nitrate, in % CETANE NUMBER INCREASE IN CETANE NUMBER (From Curve) 
Str. Run | Cracked 0 0.5 1.0 2.0 3.0 6 to 0.5 |0.5 to 1.0/1.0 to 1.5/1.5 to 2.0/2.0 to 2.5/2.5 to 3.0} Ref.* 

1. Reference Ba Bis nig bs <a Nee toned ods Pe 74 82 90 100+- ef 8.0 8.0 8.0 8.0 cha | a 

OMEUROOE & s,s ss s'davuawase aie’ x 61 72 76 83 90 11.0 4.0 3.5 3.5 3.4 3.5 7 
NG WOUNDS ios vn ssiga das teeeue vee oes x 58 67 71 78 82 8.5 5.0 3.5 3.0 2.2 1.8 7 
NNN. o widscd eles AKG dasa es x 57 > 70 76 81 x8 13.2 6.0 2.8 2.2 2.0 nhs b 

LS BR re re a 56 62 68 72 6.5 5.5 3.0 1.0 0.7 SY ar 
6. Mid-Continent.....................455 x 55 63 69 76 81 8.3 5.7 4.0 3.0 2.5 2.5 11 
1. Mid-Continent................0..ee00: x 54 67 69 me 14.0 2.0 2.0 re ie <es% pata a 
& Mid-Continent. .............0...000005 x 54 65 70 73 11.0 5.0 2.0 1.0 aes sis b 
9. Mid-Continent..................004- : x 53 “i 66 5 7.0 6.0 Bias bites ENCE Catto b 
10. Mid-Continent..............5.0.000005 > ¢ 50 57 63 69 74 7.0 5.5 3.8 3.0 2.5 2.2 5&7 
POMBE Phe ot es 2G x 50 6 65 ae 8.8 6.2 wate ia he ae Me b 
OM ce oe oes coke hae a4 49 54 56 60 61 4.4 3.4 2.0 1.2 0.7 0.3 a 
13. Diesel i, RNS Famer re 48 53 56 59 61 5.9 3.0 1.7 1.3 1.1 0.9 a 
RereInaMAM 22'S, 8c se oto cco 48 56 62 71 79 8.0 6.0 4.6 44 4.0 4.0 a 
en TM is a vdies os cte vender x ise 47 52 58 64 73 5.6 f 4.7 43 3.9 3.8 3.7 7 
ON os Osis’: caaaceeesaeteel x a 44 52 54 60 5.5 4.5 3.7 2.3 dnb Aes a 
17. Mid-Continent We Ses wise 50% 50% 43 ‘51 56 8.0 5.0 mitt ae oat nese b 
18, DMINAVRMEN 8s SS Sean ck Coed ee i es y x 42 50 56 66 8.0 6.0 4.6 3.4 1.3 0.7 7 
OM. Foi5 vs .c coeaeeiecetaun x ss 41 47 52 59 63 6.0 5.0 4.0 3.0 2.3 1.7 7 

RNGRR LS Si ey Seed. x re 40 49 53 <n 9.0 4.0 1.8 1.2 0.8 ees a 
21. East © Wet Tas08. oe HERS E Ds x 38 44 50 57 62 6.0 5.5 43 3.2 2.6 - 2.4 7 
2. Gas Oil. Sabi cusslWis oscadeupel, sc oardes x. 38 45 48 60 mA 6.5 5.7 5.3 4.5 yeas is a 

; Mid-Continent Fg a asin SL Xp 4 GES Es x 36 42 46 52 57 7.0 4.2 3.1 2.8 2.6 2.3 11 

RT rae eee eee x 35 45 51 58 a 10.5 5.0 4.0 3.5 ars ; 12-IX. 

et CORR 6 boss shinee nn nicdhanarh xX 34 42 46 49 * 6.0 5.0 2.5 1.5 1.3 ip a 
%. Mid-Continent he Be gts ea Re Sea OE x 33 38 42 49 54 4.7 43 4.0 3.0 2.7 2.3 6&7 

: California. bAN@s. a wigXed Sb eee aieh opines x 33 39 44 49 54 6.0 5.0 3.0 2.5 2.1 1.9 7 

} Mid-Continent. ...........:...... a xX 32 40 42 49 ais 6.8 4.7 3.0 2.5 kia na 12-IX 

. Mid-Continent... .:........0c.+000005 x 28 ss 45 aS st 10.0 es eee ath vat hy a 

BONO, C3555 chs ibs cigcetkes cee x 26 32 36 41 46 6.0 3.8 3.1 2.6 2.5 2.0 12-IX 
— 

"References: Numbers in reference column refer to tables in this paper for which isoamyl nitrate was used, All other data are for commercial amy! nitrate. 


12-IX refers to Table 9 in Bibliography Reference No. 12. 
a Data furnished by Sharples Chemicals, Inc., Tieaiptin. P 
b Data furnished by Sinclair Refining Company, East 


uly, 1944-4 Gulf Publishing Company Publication 


lvania, (12-6-38). 
hicago, In jana, (323-30). 
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FIGURE 14 of 
TABLE 13 ACKNOWLEDGMENTS pet 
Engine Deposits Using Mid-Continent Recycle Stock With and By way of acknowledgment, the authors wish to thank the follow- me 
Without Commercial Amy! Nitrate ing individuals and organizations for permission to use their data } 
and assistance in preparing the manuscript: por 
= Caterpiliar Tractor Company, Peoria, Illinois—Data. , tub 
RUN NO. 1—Mid-Continent Recycle Stock. Weight of Combustion Deposits in Grams: Fisher, D. E., Universal Oil Products Company—Literature search 
: preparation and editorial comments. / me 
P ‘ ‘ e Hinds, G. E., and Hunt, C., Sharples Chemicals, Inc.—Data. 
| Cylinder No. 1 | Cylinder No. 2 | Cylinder No. 3 Hubner, W. H., Ethyl. Corporation—Data. anc 
Vishaien Valve and Port 01 0.1 01 Nichols, R. M., Universal, Oil Products Company—Preparation of 
PERT IE REONR. ’ 3 " ounce 
— Valve and Port................ 7 i; a Robertson, A. F., Fairbanks-Morse & Company (Formerly of the m 
Pist n Crown and Liner........ Vig: 33 21 20 University of Wisconsin)—Data, b 
. ite Etats SU ia ch : : : ida Sharples Chemicals, Inc.—Permission to use data. obt 
| 12.3 48 3.6 Smith, M. A., Universal Oil Products Company—Engine tests and 0 
ee a SS, 20.7 | SORES: Se ee e Cee ps 
niversa i roducts Company—Permission to publis is p . 
‘ ‘i ‘ . unt 
RUN NO. 2—Mid-Continent Recycle Stock plus 1 percent commercial nitrate. Weight of BIBLIOGRAPHY 
Combustion Deposits in Grams: anc 
: — 1 Dryer, C. G., Chenicek, J. A., Egloff, G., and Morrell J. C., Ind all 
ys were Re P Eng. Chem. 30, 813 (1938). 
| Cylinder No. 1 | Cylinder No. 2 | Cylinder No. 3 2 Ainsley, W. G. C.F.R. Report. S.A.E. J., 49, 448 (1941). +. 
Vv ; : ’ Boerlage, G. D., and Broeze, J. J. ‘Ignition and Combustion of isti 
Intake Valve and Port................. 0.3 0.1 0.2 Diesel Fuels,” Paper at Annual Meeting of A.S.M.E., New York, .- 
Exhaust Valve and Port......... et 8.4 0.5 0.1 December 2-6, 1935 1S 
Head... ........ pete eee tens renee 3.9 1.7 1.8 ‘Wilson, G. C., and Rose, R. A., S.A.E. J., 32, 343 (1937) } 
Piston Crown and Liner........ eS tt 5.8 | 2.0 2.0 5 Watson, K. M., and Nelson, E. F., Ind. Eng. Chem., 25, No. § sel 
: | 880 (1933). * 
Totals Cynder] OY | fic) ghia A Foo, Mates 2G eenlatinents: ie ened TE 
In the above tests, the three cylinder, 534" bore Caterpillar Diesel engine was run at neering Congress of S.A.E., New York, May 22, 1939. ; pla 
no load, high idle speed, and at a simulated altitude of 5,000 feet. The duration of each test 7 Robertson, A. F. “‘The Effect of Amy] Nitrate on Diesel Engine wit 
was sixty-six hours. Although no data was obtained on Runs No. | and No. 2, a subsequent Combustion and Fuel Economy,” Doctor’s thesis, University of 
run bsing Diesel fuel gave the following pertinent data: Wisconsin (1940). Pe of 
Manifold Temperatures, °F. 8 Joachim, W. F. “Report E on Diesel Fuel Investigation,’’ Nav) 
Department, Bureau of Engineering, 19, 1934. Th 
linder N Cylinder No. 2 } Cylinder No. 3 ® Moore, C. S., Foster, H. H., N.A.C.A. Technical Note No. 707 (1939). 
Cylinder No. 1 | Cylinder No. daeecundab 10 Selden, R. F. N. A. C. A. Technical Note No. 710 (1939). , 
11 Hubner, W. H., and Murphy, G. B., “Effect of Crude Source 0 
oO ° ° , 
Water... 0... sees creer cece eeee eee ees 135° 145 165 Diesel Quality...’ Nat. Pet. News (January 22-29, 1936). Reprinted in 
cs baad 06 Lv amch One od 285 320° 350° U.O.P. Booklet No. 176. 
122 Ainsley, W. G., Young H. D.,-and Hamilton, M. L., “A Cetaneé 
Note: The data for this table was furnished by the Caterpillar Tractor Company, Peoria, Number Study of Diesel Fuels,’ Preprint of S.A.E. paper presented 
Illinois. at National Fuels and Lubricants Activity at Tulsa, Oklahomé, 
October 23, 1941. 
eS 8 Hubner, W. H., and Egloff,.G. A.S.M.E. paper presented at Oil CO 
accelerator susceptibility of the fuel. : and Gas Power Meéting at Pennsylvania State College ¢August, 1937). 
11. It will be approximately one year from the time a Universal Oil Products Company Booklet No. 209. 
commercial demand arises before amy! nitrate can be made Additional Bibliography as well as Patent and ‘Literature Search Ex 
available in commercial quantities. will be found on succeeding pages. ¢€ 
128 © {282} Petroleum Refiner—V ol. 23, No.@ July 


follow- 
ir data 


ition of 


of the 


*., Ind 


tion of 
York 
No. 3, 


1 Fuels 
» Ensgi- 


Engine 
sity ol 


’ Navy 
(1939) 


irce on 
nted in 


Cetane 


gee Admiralty mixture condenser 
tubes are used throughout the industry, 
because they give long years of service in 
condenser and heat-exchanger installations. 
The alloy in these tubes has been especially 
developed to resist “dezincification”’. 


Though the composition of the alloy is 
of extreme importance, manufacturing 
perfection is almost equally so, since small 
mechanical imperfections can become focal 
points for severe localized trouble. Revere 


tubes are extruded by a process that assures 


mechanical soundness through and through, 
and a surface that is smooth and uniform. 


Today, as never before, it is necessary to 
obtain the best available tubes to meet 
operating conditions, some of which are 
unusually severe. Revere makes condenser 
and heat-exchanger tubes in a number of 
alloys, affording a wide range of character- 
istics, and also tube plates. Technical advice 
is gladly given without obligation, on the 
selection of the alloy best fitted to cope 
with the specific conditions in your own 
plant. We welcome the opportunity to work 
with you. Send for your complimentary copy 
of “Revere Copper and Copper Alloys for 
The Process Industries.” 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
Executive Offices:230 Park Ave., NewYork17,N.Y. 


Standing up to the oe re- 
finers produce consiantly increasing. 
quantities of fuels, chemicals and by- 
products. 


(below) 
Tube bundles being assembled in the 
shop of a large refinery. 
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(above) 
Hand winch draws tube bundle 
into heat-exchanger shell. Note 
simple method of supporting 
bundle, 
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Engine Fuels 
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B. Aldehydes, 


1. 


drocarbons 
Classen, J. M., German Patent 615,661 
(July 9, 1935), The addition of a solu- 
tion of gaseous hydrocarbons, especially 
acetylene, in furfurol and/or other sol- 
vent to petroleum and tars. (B 8) 
Gachet, J. K., French Patent 802,914 
September 18, 1936). To increase the 
combustion of difficultly combustible 
motor fuels, acetylene, ether, light ben- 
zine, are introduced with the fuel into 
the motor. (B 19) 
Granjon, R., J., acetylene No. 102, 6-10 
(1937). Acetylene for diesel engines, 
also in oil mixtures. 
Heide, H. C., British Patent 238,299 
(August 17, 1925). Crude petroleum or 
soya-bean oil, acetylene, or other gas- 
eous hydrocarbon and ammonia or other 
alkaline organic substance. 
Nitro-products of aliphatic hydrocar- 
bons, (See D 36). 
I. G, Farbenindustrie A.-G., Netherlands 
Patent 33,682 (February 26, 1932). 
Dopes for high-speed diesel engines as 
follows: diacetylene and/or hydro- 
carbons of the alkyl series with more 
than one double bond. 
1. Farbenindustrie A.-G. (J. F 
Johnson). British Patent 399,150 (Sept- 
ember 26, 1933) B.C.A.-B (January 5, 
1933). Improving combustion of diesel 
fuel oils by the addition ef gaseous or 
low-boiling aliphatic hydrocarbons con- 
taining more than two carbon atoms 
and one or more triple or two or more 
double linkages; specifically, allylene, 
diacetylene, divinylacetylene, allene, 
butadiene, and a liquid .condensate ob- 
tained by cooling to —40° or —80° C. 
acetylenic gases formed by electrical or 
thermai decomposition of gas-contain- 
ing hydrocarbons, Concentration varies 
from 0.5 to 20 percent. Specification 
336,234 is referred to. 
Johnson, G, W. (I, G. Farbenindustrie, 
A.-G.). British Patent 493,084 (October 
3, 1938). Diesel fuel is improved in 
viscosity, cetene number, and pour- 
point, by adding condensation products 
of high molecular weight aliphatic hy- 
drocarbons with oxygen-containing aro- 
matics; soft paraffin. wax or oil frac- 
tions containing it may also be added. 
Up to 5 percent of condensation product. 
Diesel fuel and 1 percent of condensa- 
tion product of chlorinated paraffin 
wax with diphenyl oxide. ¢(H 11, K 31). 
King, P. H., British Patent 15,970 (July 
9, 1914). Oils and spirits for burning 
hydrocarbons heavier than petrol such 
as the 100°-350° C. fraction of petro- 
leum, are rendered more suitable for 
use in internal-combustion engines by 
ad benzene saturated with aeety- 
ene. 
Acetylene, (See K 36). 

Revue Petrolifere No. 564, 128 
(February 3, 1934). Similar to A 7. 
Roth, K., German Patent 176,297 (Sept- 
ember 6, 1905). Improving the ignition 
and power of liquid fuels. Acetylene is 
added to hydrocarbons. 

Steiger, W., German Patent 505,929 
(August 27, 1930). Vegetable oil is 
saturated with acetylene and mixed 
with crude petroleum. 
Treves, D., Italian Patent 304,570 (1932- 
1934). To insure complete combustion 
of mineral-oil motor fuel, there are 
added terpenes, terpineol, cineol, etc., 
also benzene. 
Voorhees, V. (Standard Oil Company, 
U. 8S. Patent 2,096,218 (October 19, 
1937). B.C.A.-B 1019 (1931). Increasing 
the » of light diesel fuels (990% <345°) 
by adding 1-10 percent of a polymeride 
of iso-CyHs obtained by polymerization 
of iso-C4Hs at <-17° in presence of a 
metal-halide catalyst. 
Wilke, W., Stadler, R. and Lappe, F. (I. 
G. Farbenindustrie A.-G.). U. 8. Patent 
2,028,308 (January 21, 1936). C.A. 30, 
1543 (1936). Similar to A 7. 

Ketones, Ethers, Esters, etc. 
Aubert, M., Chim. et Ind. 33, 811-16 
(1935). Combustion of gas oils and of 
heavy oils. Operation in _ injection 
motors. Aldehydes, etc., act as regu- 
laters and prevent knock. 
Formaldehyde (See K3). 
Bass, 8S. L, and Graves, EB. F., U. 8. 
Patent 2,291,442 (July 28, 1942). A 
diese! fuel containing from O,1 to 5 per- 
cent of an aromatic ester of phosphoric 
acid having a polyhenyl radical. 
Biesalski, E. and Eder, E, Brennstoff- 


Chem. 23, 25-9 (1942). Acetoacetic 
esters, especially the amyl and cetyl 
compounds, have some effect on the 
ignitability of brown-coal diesel-oil mix- 
tures, _probably as a result of their 
degradation to ketone and alkyl per- 
oxides in the engine. (I 2). 

Blane, L. A., Diesel Power, 19, 213 
(1941). The use of diethyl ether as a 
diesel dope. 

Burgart, R. and Diserens, L., French 
Patent 700,802 (November 4, 1929). C.A. 
25, 3811 (1931). As a liquid fuel, petro- 
leum mixed with ethyl acetate, etc. 
Burwell, A. W., (Alox) U. S. Patent 
2,110,078 (March 1, 1938). Diesel engine 
fuel. 99.5 to 96.0 percent of a mixture 
of normally liquid non-viscous, relative- 
ly low molecular weight petroleum 
hydrocarbon, of low lubricity and from 
0.5-4 percent of an oiliness agent, a 
mixture of nonacidic saturated, partial- 
ly oxidized aliphatic chain hydrocarbons 
of more than 5 carbon atoms each, in- 
cluding alcohols, ketones, lactones, and 
esters, 

Furfurol (See A 1). . 
Clauss, F., British Patent 21,360 (April 
23, 1908). Formaldehydes or polyformal- 
dehydes are added to hydrocarbon oils 
to improve combustion, or to liquid 
fuels to obtain odorless combustion in 
the engine. 

Clerget, P., Compt. Rend. 195, 1645-7 


(1933). C.A. 27, 4372 (1933). The addi- - 


tion of elcohol to the fuel improves the 
performance of a high-speed diesel 
engine. 

Cloud, G, H. (Standard Oil Development 
Company) U. S. Patent 2,261,227 (Nov- 
ember 4, 1941). To improve ignition 
quality, a hydrocarbon diesel-engine 
fuel boiling below 700° F. has blended 
with it a phosphite ester containing 3 
organic groups, each of which has an 
alkyl group. 

Nitroglycerine (See E 5). 

Conquest, V., (Armour & Company) 
Canadian Patent 383,668 (August 29, 
1939). Mentions adding to kerosene type 
fuel a small percent of an aralkyl 
ketone. 

Ethers (See E 7). 

An alcohol radical from the aliphatic 
group, as nitroglycerine (See E 8). 
Alcohols and aldehydes (See D 18). 
Esson, D. D., British Patent 20,895 
(September 21, 1896). Mixture of nitro- 
glycerine, vaseline, and camphor. 
Fleming, A. H., Canadian Patent 363,- 
539 (January 19, 1937). Engine fuel. A 
mixture of furfurol with higher-boiling 
liquid fuels, such as mineral oils, tars, 
etc.; also bitumens, asphalt and resi- 
dues. 

Ether (See A 2). 

Esters (See D 25). 

Alcohols (See H 5). 

Hagemann, A., German Patent 612,073 
(April 15, 1935). Readily igniting fuels« 
for diesel motors are prepared from 
coal-tar oils by (1) adding an aldehyde, 
a quinone or wood-tar distillate, or 
fatty or essential oil, (2) subjecting 
part of the oil to vapor-phase catalytic 
oxidation to form aldehydic or quinonic 
compounds, and (3) adding to the oil 
an oil-soluble oxidation catalyst, e.g., 
lead salt of higher aliphatic or resin 
saree or lead linoleate or borate. (C 6, 


Aldehydes (See K 23). 
Trinitroglycerine (See D 31). 
Hostettler, F., . S&S. Patent 1,493,874 
(May 13, 1924). Acetone as a diesel 
fuel accelerator. 

Hostettler, F., British Patent 174,360 
(April 20, 1923). Use of 3-5 percent of 
methyl alcohol in an improved liquid 
fuel consisting of tar distillate and raw 
petroleum oi! distillate. 

Howes, D. A., and Imp. Chem. Ind. 
British Patent 403,124 (December 15, 
1933). Fuel oils for diesel engines ‘are 
primed by adding up to 10 percent 
(preferably 1-5 percent) of an aliphatic 
or aromatic diketone such as acetylace- 
tone, benzoylacetone or benzil. 

BDsters (See D 41). 

Acetone or ether (See D 44). 
Aldehydes (See E 20). 

Lipkin, D. (The Atlantic Refining Com- 
pany) U. S. Patent 2,221,839 (November 
19, 1940). Straight-chain aliphatic 
ethers increase the cetane number of 
diesel fuels. The ethers to be employed 
have, in general, a boiling point not 
less than 100° C. (212° F.) and are 
substantially miscible with hydrocarbon 


‘ 


fuel oils. Preferred compounds are the 
mono- and poly-ethers having straight- 
chain alkyl or substituted alkyl groups 
attached directly to the ether oxygen. 
Ethers containing only straight-chain 
aliphatic groups are preferable, but 
ethers having a slightly branched long 
chain, e.g. diisoundecy! ether, have been 
found suitable. 

Ether (See K 40). 

Ether, acetone (See K 41), 

Massadier, L., French Patent 745,723 
(1933). Liquid _ fuels. Naphthalene, 
camphor, and oil of mirbane (nitro- 
benzene) added. (E 25). 

Acetone, ether, nitroglycerine (See 
D 62). 

Alcohol (See K 46). 

Aldehydes and ketones (See C 17). 
Nygaard, E. M., U. S. Patent 2, 251,156 
(July 29, 1941). A diesel fuel*contain- 
ing a small addition of an aromatic 
diazo-thieoether to decrease ignition 
delay. 

Nygaard, E. M., U. S. Patent 2,251,157 
(July 29, 1941). The addition of a small 
portion of an aromatic diazo-alkyl ether 
to improve ignition. 

Ethyl ether, ethyl acetate (See D 65). 
Reid, H. 8., Canadian Patent 280,524 
(May 29, 1928). Hydrocarbon oil and an 
aldehyde. 

Alcohols and ethers (See C 20). 

de La Riboisiere, Jean Felix Paul, U. 8. 
Patent 1,519,905 (December 16, 1924). 
A monohydroxy phenol is used to re- 
tain ether in small proportions in liquid 
hydrocarbon fuels. 

Rosen, R. (Standard Oil Development 
Company), U. 8. Patent 2,261,290 (Nov- 
ember 4, 1941). To enhance its ignition 
quality a hydrocarbon fuel is blended 
with an ester of phosphoric acid and 
especially those containing thioand 
alkyl group substituents, e.g., tri- al- 
karyl tetrathiophosphate and tripara- 
cresyl tetrathiophosphate. 
Nitroglycerine (See D 67). 
Rulgeraw-Kahl., German Patent 221,469 
(October 18, 1906). Motor fuel has 
added 1 percent of ether or carbon di- 
sulfide. (J 17). 

Rutzbeck, A. V., British Patent 375,525 
(June 30, 1932). Ethyl alcohol as igni- 
tion accelerator, 

Solomon, E., British’ Patent 461,321 
(February 12, 1937). A fuel oil for 
heavy-oil engines; prepared by mixing 
one or‘more of the following: methyl 
alcohol, dichlorethylene,. acetone, 
powdered coal, or coke, coal oil, lime, 
soda, water, ammonium chloride, etc. 
The oil obtained is mixed with petrol, 
ete. (K 70). 

Standard Oil Development Company, 
German Patent 673,139 (1939). Diesel 
fuel consisting of gas-oil or kerosine, 
containing a small proportion of high- 
molecular organic oil-soluble acids or 
esters, and if desired, small quantities 
of compounds containing halogen or 
sulfur and/or metal compounds, par- 
ticularly lead compounds, also genera- 
tion of additional. substances in the 
fuel itself by oxidation or chlorination. 
(C 26, H 24, K 81). 

Esters as described in British Patent 
402,262 (November 30, 1933) on amyl 
stearate, butyl acetyl ricionoleate, ben- 
zyl or hexyl esters of wax-oxidation 
acids. (See K 79). 

Steele, C. C. D. and Clifton, H. B. 
British Patent 174,712 (February % 
1922). Camphor, naphthalene, benzene 
methyl alcohol, ammonia, turpentine, 
ether, and sulfur as ignition accelera- 
tors. (K 83). 

Tennant, W. J. (from A. H. Fleming), 
British Patent 461,671 (February 17, 
1937). B.C.A.-B, 412 (May, 1937). A 
diesel engine fuel is prepared by mixing 
furfuraldehyde (5-95 percent) with @ 
liquid fuel boiling at >150°. Such @ 
mixture may also be diluted with >49 
percent of low-boiling fuels, e.g., ben- 
zene, ethyl alcohol. Swiss Patent 187,- 
127 


Terakopoff,.R. G., British. Patent 448,- 
446 (June 8, 1936) B.C.A.-B 778 (1936), 
Addition of 1 percent of a mixture of 
paraldehyde (20-50 parts by vol.) and 
a polycyclic hydrocarbon (50-80), ¢.8« 4 
tetrahyaronapntnaiene, to liquid fuels 
assists in promoting fuel .combustion. 
An aromatic amine, eg., NH: : 
NHPhMe, or preferably aminocymené 


-may be present. (K 85). 


Terakopoff, R. G., British Patent 449,- 
160 (June 22, 1936). Motor fuel is im- 
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DROP FORGED STEEL 
LIQUID LEVEL GAGES” 


Liquid shows black—empty 
space shows white. Preferred 
wherever liquid level must be 
easily and positively visible 
... and when liquids are under 
high pressure or at high tem- 


aa, 


Eee 


Used-to observe color and den- : 


sity of liquids under high pres- 
sures, and/or temperatures. — 
Construction is exceptionally — 
rugged .. . similar to Reflex 


types. 


ALL PENBERTHY GAGES 
CONFORM WITH A. P.1.—A. S. M. E. REQUIREMENTS 


PENBERTHY 


WATER GAGE SET 
Water shows black—steam shows 
white. U-bolt construction is 
strongest and simpiest to service. 
Glass replaced by simply remov- 
ing nuts on face of gage . . . tage 
necessary to work between: gage 


PENBERTHY - 


Made of: Chresise-mahiishiawar 
alloy temperature-resisting _ steel, 


peo heavy throughout. Stainless 
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Cc. —_ Derivati 


'A priming composition 


proved ms | adding a mixture of ether, 
paraldehyde, tetrahydronaphthalene, 
and an upper-cylinder lubricant. Mix- 
ture may contain acetone, a solid lubri- 
cant, gr ite, and aniline, toluidine, 
etc. Lubricants specified are fish, -ani- 
mal, vegetable, and mineral oils. (K 86). 
Aldehydes and ketones (See I 49). 
Tunison, R. B., U. 8. Patent 1,423,049 
(July 18, 1922). Petroleum distillates 
heavier than kerosine mixed with ethyl 
acetate in the proportion of 2:1. 
Alcohol (See E 38, E 39). 
U. 8. Industrial Alcohol Company, U. 8. 
Patent 1,423,048 (July 18, 1922). Alcohol, 
ether, esters, ketones and combinations 
thereof for improving diesel fuels. 
Weber, E. M., French Patent 812,649 
(May 13, 1937). Aldehydes, ketones, and 
nitro compounds as ignition accelera- 
tors. (D 88). 
Weber, M. B®, Belgian Patent 405,812 
(October 22, 1934). Fuel for diesel en- 
gines, Motor fuels have added explo- 
sives, and nitrites; aldehyde may be 
added. (D 83, EB 40). 
Woodbury, C. A. and Lawson, W. BE. 
(Du Pont Company). U. 8S. Patent 2,-, 
066,506 (January 5, 1937). The delay 
period between injection and ignition 
of fuel oil is reduced and either the 
ignition temperature of the fuel oil 
and/or the compression ration is low- 
ered by addition of a small quantity, 
e.g., 6 percent, of a nitrate of an ali- 
phatic polyhydric alcohol containing 
groups which increase their solubility 
in fuel oil; ¢.g., B-propylene glycol dini- 
trate, Et-ether of glycerol dinitrate, and 
glyceryl monochloride dinitrate. (D 91). 
ves 


Belknap, C. B., U. 8. Patent 1,533,158 
(April 14, 1925) Emulsified liquid hydro- 
earbon fuel. A mixture of hydrocarbon 
oll, copper oleate, and ammonium ni- 
trate. 

Vanadium pentoxide (See H 2). 
Barium nitrate, aluminum (See K 17). 
Egerton, A. C., J, Inst. Petroleum Tech. 
13, 244-72 (1927). British Patent 281,- 
299 (May 10, 1928). The effect of 
metallic vapors on ignition of sub- 
stances. Lead raises the self-ignition 
temperature. 

Bismuth nitrate derivative 
cinnamate (See D 25). 

Lead salt of higher aliphatic or resin 
ss or lead linoleate or borate (See 


Hale, G. C.»and Rinkenbach, W. H., 
U. 8. Patent, 2,116,514 (May 10, 1938). 
consisting of 
normal lead dinitroresorcinate, 

Howes, D. A. (Imp. Chem. [nd.), U. S. 
Patent 2,054,628 (September 15, 1936). 
C. A. BW, 7838 (1936). A high-boiling oil 
is used with an admixture of about 
0.5-5.0 percent each of ethy! nitrate and 
an oxygenated organic compound of 
copper such as copper oleate, copper 
acetyl acetone, or copper propionyl ace- 
tene which serves as a primer. (D 38). 
Copper oleate or stearate (See D 41). 
Oxygenated copper compounds such as 
copper oleate or stearate (See D 45). 
Leum, L, N., U. S. Patent 2,266,776 
(December 23, 1941). J. Inst. Petroleum 
28, 374 (1942). Preparation of a com- 
pression-ignition fuel consisting of a 
fuel having an IBP of at least 300° F. 
and an organic borine-amine addition 
compound in sufficient quantity sub- 
stantially to increase the cetane number 
of the fuel; the structure of the borine 
compound is such that the boron atom 
is directly attached to a carbon atom 
only singly bonded to other atoms. 
Leum, L. N., U. S. Patent 2)267,701 
(December 23, 1941). J. Inst. Petroleum 
28, 374 (1942). Similar to C12, addition 
compound being an organic borine. 
Mac Lean, G. and Sisson, EB. G., Jr., 
U. 8S. Patent 1,916,735 (July 4, 1933). 
The use of manganese soap as an igni- 
tion accelerator for diesel fuels. 
Miller, P. and Cloud, G. H., (Standard 
Oil Development Company), U. 5S. 
Patent 2,258,297 (October 7, 1941). The 
ignition lag of an injected hydrocarbon 
diesel engine fuel is shortened by the 
admixture of about 0.5-5 percent of an 
alkyl mercury or antimony compound 
or the like. 

Mohrle, A., U. 8S. Patent 1,877,936 
(September 20, 1932). Starting cartridge 
suitable for starting crude-oil engines. 
Use of potassium nitrate and phos- 
phorus sesquisulfide. (J. 13). 
Potassium chlorate (See K 52). 

N. V. de Bat. Pet. Maat., British Patent 
395,192 (August 13, 1933). Anti-knock 
value of diesel oil, etc., raised by add- 
ing metal compounds of condensation 
products of primary amines with oxy- 
aldehydes, ketones, etc., trikestones. 
Also French Patent 742,957. (B 37). 
Manganese dioxide (See I 36). 
de La Riboisiere, J. F. P., British 
Patent 244,797 (March 17, 1927); U. S. 
Patent 1,558,967 (October 27, 1925). In- 
ec mg the efficiency of fuels for 
diese] engines or internal-combustion 
engines. Use of 0.1 to 0.2 percent of 


of ethyl 


20. 


21, 


22. 


23. 


24. 


25. 
26. 


27. 


28. 


29. 


D. Alkyl 


dibenzyl diselenide, diphenyl sulfide or 
benzylsulfide. (J 16). 

de La Riboisiere, J. F. P., U. S. Patent 
1,534,573 (April 21, 1925). Fuel for in- 
ternal-combustion engines. A hydrocar- 
bon oil fuel containing considerable 
proportions of hydrocarbons boiling 
above 160° C. and which may contain 
alcohol and ether, is mixed with phenyl 
compounds such as those of selenium, 
tellurium, thallium, uranium, tungsten, 
titanium, bismuth, vanadium, and alum- 
inum, dibenzylsalicylate, benzylamines, 
benzylalilines, benzyl alcohols, benzyl- 
hydroxyamiues, etc., to imcrease the 
power developed and to decrease the 
consumption of the fuel. British Patent 
243,357 (1924). (B 42, K 59). 

Roberts, A., British Patent 438,351 
(March 10, 1934). Relates to the direct 
addition of oil-soluble boron compounds 
such as ethyi and methyl borate to fuel 
oil and to the emulsification of water- 
soluble boron compounds such as boric 
acid with the fuel oils to aid and/or 
control combustion in internal-combus- 
tion engines. 

Roberts, A. A. (Imperial House, Kings- 
way, London), British Patent 434,109 
(August 27, 1935). Liquid fuel for diesel 
engines is obtained by emulsifying a 
minor proportion of water in oil fuel by 
means of casein or a carbyhydrate col- 
loid such as starch. Agents controlling 
combustion, e.g., boron compounds 
and/or sodium chloride, and naphtha- 
lene to reduce the viscosity may be 
added. In an example, a solution of 
%-pound of borax and %-pound of 
sodium chloride in 4 pounds of water is 
emulsified in 100 pounds of petroleum 
oil by %-pound of starch. Emulsification 
is preferably effected by passage 
through 1 or more high-speed attrition 
mills. Specifications 408,951, 433,348, and 
434,180 are referred to. 


Rosen, R. (Standard Oil Development 
Company), Canadian Patent 359,289 
(July 21, 1936) Hydrocarbon composi- 


tion. A hydrocarbon oil boiling above 
the kerosine range and containing an 
oil-soluble metallo-organic agent. Metals 
of the 2nd, 3rd, and 5th groups, phos- 
phorus, and sulfur are used. 

Standard Oil Development Company, 
British Patent 623,522 (August 16, 
1940). Diesel dopes containing mercury, 
barium, tin, zinc, or calcium. The effi- 
ciency of these compounds does not 
seem great. 

Lead or tin compounds (See K 79). 
wry compounds, particularly lead (See 
B 49). 

Standard Oil Development Company, 
French Patent 853,717 (March 27, 1940). 
C.A. 36, 27082 (1942). Fuel composed of 
liquid hydrocarbons, the boiling points 
of which are in the range of diesel- 
motor fuels, and of a small proportion 
of a dissolved organometallic compound 
comprising a metal belonging to the 
heavy metals of the groups II and V 
of the periodic system: Suitable organo- 
metallic compounds are mescury alkyl 


nitrate, barium diphenylamine _ sul- 
fonate, and tributyl antimony. 
Stettbacher, A., Nitrocellulose 8, 3-6, 


21-7 (1937). C.A. 32, 3963. (1938). Lead 
trinitroresorcinate. 

Zerbe, O., A w. Chem, 46, 658-62, 
(1933); 45, 593 (1932); Catalytic in- 
fluences in auto-ignition processes. The 
catalytic influence of 22 metals and 
metal compounds discussed. 

Nitrates, Nitrites, and Nitro Com- 


pounds 


1. 


Applebey, M. P. (Imp. Chem. Ind.) 
Canadian Patent 347,545 (January 15, 
1935). Similar to C 8. 

Aubert, M., Compt. Rend, 201, 879-81 
(1935). The influence of various addi- 
tions to the fuels. of injection motors. 
Marked effect of ethyl nitrate in sup- 
pressing knock and diminishing ignition 
delay is demonstrated with additions of 
6 percent and more. 

Bassett, H. N., Chem. & Ind. 570-3 
(1937). C.A. 31, 5975 (1937). Ethyl ni- 
trate decreases knocking. 

Bereslavsky, E. V., U. S. Patent 2,158, 
050 (May 16, 1939). Motor fuel. A liquid 
fuel for compression-ignition engines; 
a high-boiling petroleum hydrocarbén 
distillate, of gas-oil type, and 10 per- 
cent of a pentyl nitrate of group n-bu- 
tylcarbinol nitrate, sec. butyl, methyl- 
propylearbinol nitrate, and diethylcar- 
binol nitrate. 

Bereslavsky, E. V., French Patent 821,- 
211 (November 30, 1937). Improved fuel 
for internal-combustion motors, particu- 
larly compression-ignition motors, con- 
sisting of a hydrocarbon distillate from 
petroleum of high boiling point having 
a@ total sulfur content of less than 0.25 
percent by weight and containing in 
solution less than 10 percent by volume 
of an ignition accelerator chosen from 
the group comprising the nitrates, of the 
mono-alkyls, poly-alkyls, amyl nitrates, 


the peroxides of ketones, and the 
peroxides of anhydrides from fatty 
acids, (I 3). 


12. 


13. 


14. 


15. 


16. 


18. 


19. 


20. 


21. 


22. 


23. 


24, 
25. 


27. 





Bereslavsky, E.. V., Canadian Patent 
384,497 (October 10, 1939). A _ pentyl 
nitrate or mixtures thereof as a diesel 
ignition accelerator. 

Bereslavsky, E. V., British Patent 479,- 
969 (February 15, 1938) B.C.A.-B, 482 
(1938). Fuels are improved and their 
cetene or cetane numbers raised by the 
addition of >10 vol. percent of one or 
more amyl nitrates. 

Bereslavsky, E. V., Canadian Patent 
375,853 (August 16, 1938). A _ liquid 
motor fuel for internal combustion en- 
gines. 

Ethyl nitrate (See I 5). 
Trichloronitromethane (See K 7). 
Callender, H. L., Engineering, 11-16 
(February 4, 1927). Reduction in 
H.UW.C.R. with addition of amyl nitrate 
to a spark ignition engine fuel. 

Clarke, L. A., U. S. Patent’ 2,274,665 
(March 3, 1942). J. Inst. Petroleum 28, 
284A (1942). A liquid diesel fuel con- 
taining a small quantity of trichloroni- 
tromethane which serves as a primer, 
(K 10). 

Clarke, L. A. and Pevere, E. F., U. §, 
Patent 2,274,666 (March 3, 1942). J, 
Inst. Petroleum 28, 284A (1942). The 
use of about % percent of dichlorodini- 
tromethane, dichlorotetranitroethane, or 
tetrachlorodinitroethane decreases the 
ignition delay period of the fuel, im- 
proves its cold starting ability, and de- 
creases its tendency to deposit carbon 
and carbonaceous materials in the 
motor combustion chamber. (K 10). 
Cloud, G. H. (Standard Oil Develop- 
ment Company), U. S. Patent 2,280,217 
(April 21, 1942), C.A. 36, 53371 (1942). 
A fuel suitable for high-speed diesel 
engines is formed of a hydrocarbon fuel 
with a flash point above 150° F., to- 
gether with a small proportion of decyl, 
dodecyl or cetyl nitrate or other alkyl 
nitrate having at least 10 carbon atoms 
which serves to accelerate ignition. 
Cloud, G. H. (Standard Oil Develop- 
ment Company), U. S. Patent 2,304,242 
(December 8, 1942). Diesel fuel con- 
tainirg as ignition improver and stabil- 
izing agent phenylhydrazine or deriva- 
tives thereof,. with small amounts of 
aliphatic nitrates, nitrites, polysulfides, 
or aromatic peroxides. (I 7, J 3, K 13). 
Copertini, §S Italian Patent 341,075 
(April 4, 1936). Adds to a motor fuel a 
nitro-compound, nitroglycerine, nitro- 
naphthalene, etc. (E 6). 

de Crater,” W. (Hercules Powder Com- 
pany), U. S. Patent 2,112,749 (March 29, 


1938). C. A. 32, 3964 (1938). Nitroiso- 
butylglycerol trinitrate and _  nitroiso- 
butylglycol dinitrate as diesel dopes. 


Duchene, R., Pub. Sci. Tech. Ministere 
Air (France), No. 94, 17 pp. (1936), 
“The addition of alcohols or benzalde- 
hydes to the gasoil increases the pres- 
sure developed but increases the ignition 
delay. Ethyl nitrate decreases the delay 
from three milliseconds to less than one 
millisecond with an increase in pres- 
sure.”’ (B 16.) 


Esters of nitric or nitrous acid (See I 
11). 


Ellis, Carleton (Standard Oil Develop- 
ment Company); U. S. Patent 2,274,629 
(February 24, 1942). A hydrocarbon 
diesel fuel oil is mixed with a smal pro- 
portion of a compound such as a nitro- 
dihydroxy alcohol in which at least one 
of the C atoms joined to a nitrate group 
is a secondary C atom joined to an alkyl 
group, to improve the ignition qualities 
of the fuel. 

Weord, F. A., J. Inst. Petr. Tech. 18, 
533-47 (1932). The ignition properties of 
fuels could be improved considerably by 
the addition of ethyl nitrate. 

George, R. S. (Socony-Vacuum Oil Com- 
pany), U. S. Patent 2,307,624 (January 
5, 1943) C. A. 37, 3588® (1943). Produc- 
tion of organic ‘thionitrates, as for use 
in improving the ignition quality of 
diesel fuels. (K 22). 

Good, R. F., S.A.E. Journal 40, 232-42, 
251T (1937). Engine operation data are 
given for cetane, alphamethylnaphtha- 
lene mixtures, and for diesel fuels, 
some containing ethyl nitrate and lead 
tetraethyl. 

Nitro compounds, general (See H 5). 


Griffith, R. H. and Hill, S. G. (Gas 
Light & Coke Company) British Patent 
436,027 (October 3, 1935). Fuel oils are 
primed with a small percentage of an 
organic compound which has a halogen 
atom and a nitro group on adjacent 
carbon atoms, and has an ignition point 
appreciably lower than the oil. The 
primer may be formed from a hydro- 
carbon, an acid, an oxy- or hydroxy- 
body, or salt. Addition to creosote oil 
and gasoil and gasoil mixture of 0.5-1 
percent of 9,10-brom-stearic acid nitrate 
or ester, bromopinene nitrate, chloro- 
stearic acid nitrate, or bismuth nitrate 
derivative of ethyl cinnamate. (B 20, © 


5, K 20). 
Amyl nitrate (See K 23). 
Heinze, R., Marder, M., and Veidt, M. 
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Chem. Fabrik, 14, (1941). Aside from 
the alkyl nitrates and nitrites there are 
a number of active accelerators for im- 
proving diesel fuels including tetraliy- 
peroxide, ethylenochlorohydrin nitrate, 
nitrosomethylurethane, and diethyltetra- 
sulfide. Storage tests (6 months) with 
accelerators in more or \less common 
uSe showed no significant loss in pot- 
ency. (G 2, 113, J 8 K 24). 

Heinze, R., Marder, M., and Veidt, M., 
Oel U. Kohle 37, 422-30 (1941). C, A. 36, 
49937 (1942). Same as D 27. 


Heinze. R., Marder, M., and Veidt, M., 
Chem.-Ztg. 65, No. 31/32, 149 (1941). 
Cetane number of diesel fuels is in- 
creased by the addition of a small 
amount of materials such as alkyl 
nitrates, nitrites, or peroxides, halogen 
nitrates, nitroso-compounds, and poly- 
sulfides. (I 14, J 9, K 25). 


Helmore, W. (Imp. Chem. Ind.), British 
Patent 352,350 (July 9, 1931). The use 
of ethyl nitrate to improve ignition 
quality of diesel fuels. 

Helmore, W. (Imp. Chem, Ind.), British 
Patent 354,398 (August 13, 1931); U. S. 
Patent 1,. 849,051 (March 8, 1932). 
Motor fuel fdr diesel engines. To the 
high-boiling mineral oil, are added two 
or more primers, one of which is an 
ignition primer (methyl! or ethyl nitrate) 
and the other an exploding primer 
(benzoy!peroxide, amylené peroxide, pic- 
ric acid, dinitrobenzene, trinitroglyce- 
rine, or trinitrotoluene). French Patent 
664,899 (1931). 730,238 (1932). (B 24, 
E 12, I 15). ’ 

Helmore, W. ( 
Patent 352,550 (July 13, 
to D 31. 

Helmore, W. (Imp. Chem. Ind.), British 
Patent 366,947 (February 3, 1932). Addi- 
tion to D 31. 

Helmore, W., German Patent 564,899 
(November 24, 1932). Process for mak- 
ing a fuel for compression-ignition 
engines in which substances that will 
lower the ignition temperature of the 
heavy hydrocarbon oil or improve its 
combustion “are added, such as. alkyl 
nitrates, which -“tain oxygen. At 
least two kinds vf oxygen are supplied 
to heavy fuels like shale oil, one in a 
substance with a lower self-ignition 
temperature than that of the oil, to 
initiate ignition, and the other, to 
ignite the fuel, in a substance whose 
self-ignition temperature is higher than 
of the first additive and if necessary 
higher than that of the fuel itself. The 
first additive may be methyl or ethy!] 
nitrate and the second may be a per- 
oxide of an organic substance or an 
organic polynitro compound. At least 
one of the primers is first dissolved in 
another primer. (E 13, I 16). 

Nitro compounds (See H 8). 

Holmann, F., and Gieseler, K., German 
Patent 574,678 (April 19, 1933). Addi- 
tion of a small percentage of nitro 
products of aliphatic or hydroaromatic 
hydrocarbons, nitrohexane, nitrome- 
thane, and nitrated mineral oil hydro- 
carbons, (A 5, E 15). 

Howes, D. A., Proc. World Petri. Con- 
gress Sect 2, 781 (1933). Substitute 
diesel fuels. Suggests combustion ac- 
celerators to enable the use of aromatic 
and naphthenic oils from coal hydrogen- 
ation and ethylene polymers. Alkyl ni- 
trates and nitrites reduce ignition de- 
lay but are required in high proportions 
to effect noticeable improvement and 
are expensive. 

Ethyl nitrate (See C 8). 

Howes, D. A. (Imp. Chem. Ind.), U. S§. 
Patent 2,065,588 (December 29, 1936). 
Cc. A. 31, 1192 (1937). The use of two 
primers is recommended for high-boil- 
ing fuel for “diesel engines, the first 
being 0.5 to 5.0 percent of an alkyl 
nitrate (ethyl nitrate) or nitrite (amyl 
nitrite) and the second, an equal quan- 
tity of benzyl bromide. (K 26). 

Howes, D. A. (Imp. Chem. Ind.). Can- 
adian Patent 347,544 (January 15, 1935). 
Similar to C 8. 

Howes, D. A. (Imp. Chem. Ind.). British 
Patent 404,682 (January 22, 1934). To 
increase ignition'the oils have added 2 
percent of an alkyl! nitrate of 2-4 carbon 
atoms (ethyl nitrate) and an organic 
bromide compound (benzyl bromide, 
cyclohexylbromide, butyl bromide) with 
or without copper oleate, stearate, or 
propionylacetonate. (B 28, C 9, K 28). 
Imp. Chem. Ind, New Zealand Patent 
71,126 (1934). Similar to D 41. 

Imp. Chem. Ind., French Patent 757,326 
December 23, 1933). Similar to D 41, . 
Imp. Chem, Ind., Norwegion Patent 
52,872 (1932-1933). Preparation of a fuel 
for diesel-type motors. Addition of small 
amounts of alkyl nitrate to heavy fuel 
oil. The alkyl nitrate contains 2-4 car- 
bon atoms. The heavy oil is either creo- 
sote oil or an oil obtained by the hydro- 
genation of coal. The nitrate is prev- 
ijously dissolved in a solvent such as 


Imp. Chem. Ind.), British 
1931). Similar 
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turpentine oil, petroleum, alcohol, ace- 
tone, or ether. (B 29). 

Imp. Chem, Ind., French Patent 760,759 
(1933); Swiss Patent 168,450 (1934). An 
alkyl nitrate or nitrite, to shorten the 
delay period, and an organic bromine 
compound to reduce the temperature of 
self-ignition are added to fuel for a 
compression-ignition engine. The bro- 
mine compound may be benzyl or butyl 
bromine. An oxygenated copper com- 
pound such as copper oleate or stearate 
may be used. The quantity of material 
to reduce the delay period does not 
exceed 2 percent, and 0.1 percent of the 
material to reduce the _ self-ignition 
temperature is sufficient. (C 10, K 29). 
Jones, D. T. (Imp. Chem. Ind.), British 
Patent 374,481 (June 13, 1932). Similar 
to D 44, 

King J. G., J. Inst. Pet, Tech. 22, 595- 
601 (1936). Tar as a fuel. The slow- 
speed diesel engine requires very little 
adaptation to make it suitable for the 
combustion of heavy tar oils but these 
cannot be used in high-speed diesel 
engines, due to the difficulty of ob- 
taining rapid ignition. Suitable means 
have been found for reducing ignition 
temperature and ignition delay of tar 
oils, but these are not yet a commercial 
proposition. Reducing ignition tempera- 
ture and ignition delay of tar oils in- 
cludes, (1) addition of a standard 
motor-fuel oil, (2) addition of a ‘“‘dope’’ 
such as alkyl nitrates and nitrites 
(especially ethyl nitrate), and organic 
compounds containing’ a halogen atom 
and a nitrate group on adjacent carbon 
atoms. Promising results are given, (3) 
use of a catalytic chamber in front of 
the combustion chamber. (K 33). 
Loomis, N., (Standard Oil Development 
Company), U. S. Patent 1,820,983 (Sep- 
tember 1, 1931). Fuel for diesel engines. 
Heavy petroleum oil and 5 percent of a 
nitroparaffin or alkyl nitrite compound 
such as isopropyl] nitrite. 

Glycol nitrate, amyl nitrate (See K 36). 
Marks, E. M. (The Atlantic Refining 
Company), U. S, Patent 2,244,496 (June 
8, 1941). The use of nitrosites and/or 
nitrosates as ignition accelerators for 
hydrocarbon fuels of the compression- 
ignition type. (E 24). 

Marvel, G. S. (Du Pont Company), U. S. 
Patent 2,031,497 (February 18, 1936). 
To increase the ignitability of diesel 
oils, there is added 1-5 percent of a 
nitric acid ester of a branched chain 
aliphatic alcohol, e.g., isobutyl nitrate. 
French Patent 370,208. 

McCarty, W. F. C. M., U. 8S. Patent 
1,167,770 (January 11, 1916). Composi- 
tion of matter to be added to internal 
combustion fuels, Acetone, ether, hydro- 
gen peroxide, and methyl! nitrate, nitro- 
glycerine: (B 35, I 21). 

Mesurier, L. J., Inst. Petr. Tech., 17, 
387, 424 (1931). Fuel tests in low and 
high-speed diesel engines, In general, 
the fuels giving the greater delay angle, 
i.e., the longer period between ignition 
and commencement of pressure rise, 
produced the greater combustion shock. 
The addition of 5 percent of amyl ni- 
trite, a pro-knock in gasoline, or acetic 
acid to two fuels reduced the delay 
angle, and in the distillate form a 
mixed-base crude oil which was mainly 
paraffinic, induced smoothness of run- 
ning. It is fairly certain that the heavy 
fractions of crude oils that yield ex- 
plosion engine fuels of the highest anti- 
knock value will be the worst from the 
standpoint of combustion shock in the 
diesel engine and vice versa, 

Esters of nitric or nitrous acid. 

I 25). 

N. V. de Bat. Petrl. Mij., French Patent 
835,592 (December 26, 1938). Alphagly- 
cerol nitrates as ignition accelerators 
for diesel fuels. 

Neukom, F., British Patent 475,040 
(November 8, 1937). Mentions that 
liquid nitro-compounds may be added 
to motor fuels. ( E 27). 

Nygaard, E. M. and Crandall, G. §S., 
U. S. Patent 2,185,157 (December 26, 
1939). To accelerate ignition of the 
fuel in an engine of the diesel type, 
there is mixed with it a minor propor- 


(See 


tion (suitably about 0.5 percent)~- of 
tetranitromethane. 
Nitrates, general (See H 19). 


Nygaard, E. M., Crandall, G. S., Berger, 
H. G., J. Inst. Petroleum 27, 348-68 
(1941). Discussion of effect of various 
dopes, e.g., trichloronitromethane, alkyl 
nitrates and nitrites, peroxides, elemen- 
tary sulfur, organic compounds in which 
nitrogen is linked to sulfur, (E 28, I 33, 
K 57). 

Ormandy, W. R., J. Inst. of Fuel 5, 
No. 19, 64 (1931). .“‘In the writer’s 
laboratory scores of products have been 
tried, but nothing better than nitro- 
benzol. and amyl -nitrate has been 
found.”’ In addition of 1% percent of 
nitrobenzene reduced the spontaneous- 
combustion temperature of a m-cresol. 
sample by 43° C. and 1 percent of amyl 
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nitrate lowered the spontaneous-ignition 
temperature 59° C, (¢ 9). 
Penhale, J., British Patent 178,373 
April 20, 1922). The explosive power of 
a fuel is increased by the addition of 
one of the volatile explosive compounds, 
e.g., ethyl or methyl nitrate, when 
ignited in the cylinder of an internal. 
combustion engine, 
Amyl nitrate (See K 60). 
Prettre, M., Dumanois, P., and Laffitte, 
P., Compt. Rend., 191, 414 (1930). Effect 
of amyl nitrate on thermal oxidation, 
Progress in diesel engines and fuels dur- 
ing 1937. From the Annual Report of the 
Diesel Engine User’s Association. Petro- 
leum Times 39, No, 1007, 559-61 (1938), 
The spontaneous ignition temperature 
of a diesel-oil fraction is lowered by 
removing the tar acids from the frac. 
tion of the low-temperature tar distill. 
ing over between 160° and 320° C. and 
was reduced from 290° to 235° C. by 
the addition of 2 percent of chlorethy] 
nitrate. (K 58). § 
Ramayya, -K. 8., Neft. Khoz. No. 4-5, 
69-79 (1937). Starting fuels for diese” 
engines. Addition to gasoil of ethy] 
nitrate, ethyl ether, chloroform, ethy]” 
acetate, castor oil. Ethyl nitrate is the” 
best agent. (B 40). 2 
Robertson, A, F., ‘‘The Effect of Amyl | 
Nitrate on Diesel Engine Combustion ~ 
and Fuel Economy,’’ Thesis for the De- 
gree of Doctor of Philosophy, University 
of Wisconsin (1940). 
Roth, K., German Patent 164,634 and 
164,635 (October 7, 1903). Ignition ac. 
celerators. Picric acid, ammonium ni- 
trate, nitromethane, nitroethané, nitro 
and dinitrobenzene, nitroglycerine, ni- 
trophenol, dinitronaphthalene, dinitro- 
toluene, dinitrocellulose; 5 percent added 
to motor fuel. (B 45, E 31). j 
Schaad, R. E. and. Boord, C. E., Ind. 
Eng. Chem. 21, 756 (1929). Ignition due | 
to hot surface easier when isoamyl 
nitrate is added. 
Selden, R. F., N.A.C.A. Tech. Note No, 
710 (1939). Use of isoamyl nitrate as 
combustion accelerator in fuel shows 
ignition lag comparable with ‘other fuels 
having same cetane number, 
Sims, J. C., British Patent 294,129 (July 
16, 1928). ‘‘Various classes of chemical 
compounds can be used as the primer, 7 
such as hitro compounds (trinitroresor-— 
cinol), nitrous and nitric acid esters, 7 
azo compounds, haloid compounds, | 
chlorates and organic perchlorates, ace- | 
tylenic compounds, superoxides, nitro-7 
amines or other compounds which lib-~ 
erate free oxygen on disruption. The 
quantity required is small, about 5 per- 
cent by volume.”’ (I 43, K §8). 
Nitro compounds, general (See F 5). | 
S.A.L.N.A.; Soc. anon, Lav. Nafte = 
Italian Patent 309,329 (1936). Motor 
fuels, mixtures of benzine and benzene 
have ignition quality raised by the addi- 
tion of nitrated polyhydric alcohols, 
such as nitropentaerythrite. 
Standard Oil Development -Company, 
British Patent 535,401 (April 8, 1941). 
Alkyl nitrate (cetyl, decyl, dodecyl ni- — 
trate, oxidized wax alcohol nitrate) — 
added to diesel fuels as ignition pro- 
moters and a small amount of trialkyl- 
amine as additional compound. (K 175). 
Standard Oil Development Coynpany, 
British Patent 520,568 (April 26, 1940); 
C. A. 36, 6408 (1942). Diesel fuels are 
improved by adding 0.25-3 percent of 
ignition promoters consisting of com- 
pounds with groupings containing 03” 
N, and §S attached to C. The use of 
organic (branched alkyl) thionitrites, 
sulfonium nitrates, and sulfonylhydroxy- 
lamines is claimed, and the use and 
preparation of dibutyl-SNO from butyl 
mercaptan and NOC1 at —5° to —10° 
are described. (K 76). 
Standard Oil Development Company, 
British Patent 543, 669 (March 9, 1942). 
An improved diesel fuel is obtained by 
adding a small proportion of a nitro 
alkyl nitraté to a hydrocarbon fuel. 
en nitrate, nitro compounds (See 
Stansfield,’ R., Proc. World Petr. Com- 
gress Sect. 2, 256-61 (1932). Five pert 
cent of ethyl nitrate added to a 42- 
cetane fuel improved the starting 
quality. Further, dopes such as ethyl 
nitrate are more effective under full 
load and the fuels doped in this way 
are quite susceptible to engine condi- 
tions. To illustrate, a 42-cetane fuel 
doped with 1 percent of ethy] nitrate 
rated 49-cetane at 68° F. jacket tem- 
perature, 53- cetane at 140° F. and 61-) 
cetane at 212° F. 
Isoamyl nitrate, ethyl nitrate (See I 49) 
Tetranitromethane (See E 41). 
Tixier, A., and Crussaire, A. G. J 
French Patent 547,930 (December 287 
1922). A substance generating energy 
such as methyl nitrate, nitrated 
rivatives, nitric ethers, etc,, is added 
ordinary fuel to increase the power 
explosion: motors. 
B. M, (Standard Oil D 
Company), U. S. Paté 
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Prefer the Cooper-Bessemer G-MV? § 
CONTINUOUS PERFORMANCE | 


There’s no secret why hundreds of Cooper-Bessemer Type G-MV Com-__ | 
pressors remain on the job year in, year out, in the toughest kinds of 
operating service. It’s just because they are soundly engineered and 
soundly built. | 







“Continuous Performance” — the stamina to stay on stream for the dur- 
ation of any program — is the direct result of ten factors, unique to 
Cooper-Bessemer: 
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Meehanite — Base, power cylinders, 
* pistons, pressure cylinders —in fact, 
all vital castings— are of this tough, 
strong, close-grained metal. Meehanite is 
free of internal stresses and has excep- 
tional resistance to wear. 


V-design — Means a more compact, — 


« more efficient, smoother running 
engine—makes possible a shorter, 
heavier, stronger crankshaft. 







Fuel injection—Fuel flow, under high 

* pressure, is sure and steady. Volume 

control is accurate. Fuel-air mixture is 

complete. Result— more power through 
trouble-free fuel injection. 


Air Scavenging—Streamlined design 

* permits great rush of air to sweep 

power cylinders clean of burned gases. 

Low pressure means less engine power 

consumed in scavenging, more available 
for compressing. 


Oil-Cooled Pistons—Continuous flow 

« of oil under piston crowns keeps tem- 
perature uniformly low, reduces piston 
ring and cylinder wear. 


Full Pressure Lubrication — All vital 

» bearings positively lubricated by 

circulating oil (controlled at proper pres- 

sures by pump and valves) Result — 

no burned-out bearings, no lubrication 
failures. 


Precision Bearings — All main bear- 

* ings are precision type — renewcble 

and interchangeable in the field without 
hand fitting or scraping. 


Controlled Recirculation — Water 

* flows through lube oil cooler into 

engine system. Fast recirculation keeps 

temperature differential between inlet 
and outlet wate. ideally low. 


Compressor Cylinders—Most efficient 

« design, with self-cleaning valves of 
long-lived low-lift type. Seats easily re- 
newable. All vital parts simple to replace. 


] Accessibility — Entire engine, includ- 

sing compressor cylinders, designed 
for easy accessibility — to service without 
interrupting operation and to make minor 
repairs quickly. 


# /y Cooper-Bessemer 
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2,241,492 (May 13, 1941). Nitroalkyl 
mononitrates are apparently as effec- 
tive as acetone peroxide, from the in- 
creases in cetane number quoted. Ex- 
amples of the nitro-l-propanol (most 
effective), and 2-nitro-1-butanol. 

Nitro compounds (See B 59). 

Nitrites, general (See B 60). 

Weber, M. E., Belgian Patent 406,078 
(October 31, 1934). Liquid fuel for heat 
engines. Liquid nitrated hydrocarbons, 
e.g., isopropyl nitrate and nitroethane. 

Weber, P., Oel u. Kohle. 36, 178-89 
(1940); J. Inst. Petroleum 26, 
(1940). Cetane number dopes such as 
amyl nitrate had not correspondingly 
good effects on the starting temperature 
so the relationship established between 
starting temperature and cetane num- 
bers of diesel fuels does not hold if the 


: ., Ind. Eng., Chem, 33, 
No. 7, 866 (1941). Amyl nitrate and 
organic polysudfides raise the cetane 
number of diesel fuels. (J 22). 
Winand, P., British Patent 24,090 (Jan- 
uary 17, 1907). Fuel oils, Non-explosive 
liquid nitro compounds of carbon are 
used in engines as fuels and as oxygen 
carriers, Tetranitromethane and oils. 
Withers, J. G., J. Inst. Petr. Tech. 19, 
713 (1933). The following data show 
the effect of ethyl nitrate when added 
to diesel fuels in amounts from 1 to 4 
percent. Three base fuels were used. 


Fuel Delay Angle in Degrees for Var- 

No. ious Additions of Ethyl Nitrate 
0% 1% 2 3 4% 

1 10.00 9.00 8.50 8.25 8.00 

2 18.00 14.00 12.50 11.50 11.00 

3 21.00 17.00 13.00 11.00 9.50 

1* 10.00 12.50 14.50 17.00 19.00 


*T.P.L. added instead of ethy! nitrate. 


Five percent of amyl nitrite reduced 
delay from 10° to 7° and the shock noise 
from 199 strobophonometer noise units 
to 70 units. 

Nitrated hydrocarbon (See H 27). 
Woods, G. M., Pet. Eng. 8, No. 2, 90 
and 8, No. 3, 58 (November, 1936). 
Ignition quality is improved by the 
addition of dopes; organic nitrates seem 
satisfactory and useful. (E 42). 
Nitrates of an aliphatic polyhydric al- 
cohol (See B 61). 

Wyler, J. A. (Trojan Powder Company), 
U. 8S. Patent 2,270,400 (January 20, 
1942); C. A. 36, 33458, (1942). For ac- 
celerating the ignition of a fuel which 
is spontaneously ignited on injection 
into compressed air in an engine 
cylinder, the fuel is preliminarily mixed 
with about 0.5-1.5 percent of tetranitro- 
methane. 


E. Aromatic Nitro Compounds 
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Ackerman, A. H., U. S. Patent 1,653,032 
(December 20, 1927). Motor fuel. Naph- 
thalene, nitrobenzene, etc., are added 
Picric acid, nitronaphthalene (See I 1). 
Basset, Harry P., U. S. Patent 1,641,520 
(September 6, 1927). Aminonitro mix- 
tures such as aniline and nitrotoluene 
are added to a fuel; the amino com- 
pound acts as a combustion retarder 
and the nitro compound serves as a 
“sensitizer or combystion propagator.’ 
Trichloronitromethane (See K 7). 

Cia Italiana Sirluppo Anvent. 8S. A. and 
Gallarati, V., British Patent 358,484 
(October 6, 1931). The addition of 
bodies containing one or more. nitro 
groups to motor fuels. Nitroglycerine, 
nitroguanidine, nitrocellulose, trinitro- 
phenol, trinitrotoluene, etc. Also Nor- 
wegion Patent 51, 574 (1932). (B 12). 
Nitronaphthalene (See D 16). a 
Costaguta, D,, British Patent 253,353 
(June 17, 1926); French Patent 599,271 
(1925). Means of increasing the fuel 
value of motor fuels. The use of a mix- 
ture containing nitrophenol derivatives, 
@g., trinitrophenol, ethers and liquid 
hydrocarbons; 4.5 percent of the mix- 
ture is added to the motor fuel. (B 14). 
Cransioe, Daniel, Danish Patent 21,091 
(1916). Liquid fuel for internal-com- 
bustion motors consisting of alcohol and 
bengzol characterized by addition of a 
small amount (0.1 percent) of picric 
acid or an equivalent material or an 
organic nitrate, e.g., from an alcohol 
radical from the aliphatic group as 
nitroglycerine or a nitro combination of 
hydroaromatic or similar materials. Also 


Swedish Patent 45, 049 (1914). (B 15). - 


Nitrates and picrates of the benzol or 
the naphthalene series (See H 5). 
Hadorff, K., British Patent 10,739 (May 
2, 1911); German Patent 229,579 (Febru- 
ary 1, 1911). Oils for burning. A mixture 
of benzene picrate with petroleum, etc., 
as a fuel for internal-combustion en- 
gines 

Nitrotoluene, dinitrobenzene, nitroani- 
line (see K 23). $ « 
Dinitrobenzene, picric acid, trinitrotolu- 
ene (See D 31). 

Organic polynitro compound (See D 34). 
Nitrocompounds, general (See H 8). 
Nitro products of hydroaromatic hydro- 
carbons (See D 36). 
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I. G, Farbenindustrie A.-G., German 
Patent 618,232 
tion to Patent 508,917; C. A. 28, 1181 
(1934). The method of Patent 508,917 
for improving diesel fuels by means of 
soluble organic compounds of the CeH¢ 
series containing O or N but no halogen. 
Isermann, S., Vernet, W., and Moses, 
E. A. (Pat. Fuels'and Color Gempany); 
Canadian Patent 311,315 (May 12, 1931). 
Benzine and 0.12 percent of o-nitro- 
toluene and 0.001 percent of 1,4-di- 
toluidineanthraquinone, 

Nitrobenzene (See K 36). 

Jensen, W. D., U. S. Patent 2,146,742 
(February 14, 1939). Fuel for internal 
combustion engines. 0.05 percent of 
dinitrophenol is mixed with petroleum 
distillate, to improve combustion. 
Levi, L. E., U. S. Patent 2,062,463 (De- 
cember 1, 1936). The combustion of 
fuels improved by adding 1 percent of 
a solution of dinitrobenzene in methyl 
formulate or oxajate. Aldehydes or 
carboxylic acids may be added. (B 30). 
Picric acid (See F 4). 
Mancini, A., British Patent 131,869 
(1919). Explosive mixtures for internal 
combustion engines. Use of nitro deriva- 
tives, e.g., nitrobenzene, nitrotoluene, 
nitroxylene, nitronaphthalene, nitroani- 
line. French Patent 496,099. 

de Mare, F., British Patent 3626, (June 
11, 1903). Use of nitrobenzene. 

Nitro compounds, general (See D 50). 
Nitrobenzene (See B 34). 
Mellersh-Jackson, L., (H/H Oil Com- 
pany A/S), British Patent 350,440 (June 
8, 1931). Improved fuel in respect to 
the perfect combustion in the cylinder 
is attained by adding to aliphatic hydro- 
carbons a quantity of aromatic hydro- 
carbons treated with nitric acid and 
subsequently with sulfuric acid, the 
mixture being subsequently treated with 
oxygen or ozone. The acid treatment is 
carried out at a substantially low tem- 
perature whereby no nitro compounds 
are formed. (H 6). 

Liquid nitro compounds (See D 56). 
Trichloronitromethane (See D 59). 
Nitrobenzol (See D 60). 

Chloropicrin (See K 60). 

Picric acid, nitro and dinitrobenzene, 
nitrophenol, dinitronaphthalene, dinitro- 
toluene. (See D 67). 

Picrate of a hydrocarbon (See I 40). 
Nitrobenzene (See I 41). 

Naphthalene picrate (See I 42). 

Soe. Exp. Brevets d’Inventions, S.E.B.I., 
French Patent 717,817 (1931). Heavy 
mineral or vegetable oils are made suit- 
able for motor fuels by the addition of 
an activator: a .mixture of a diazo 
derivative with a nitro derivative, or a 
hyd@razo derivative with a poly-nitro 
derivative. Also Netherlands Patent 
30,568, British Patent 379,725 (August 
29, 1932). 

Nitro compounds (See K 79). 

Tunison, B. R., . S. Patent 1,423,050 
(July 18, 1922). The use is proposed of 
nitrobenzol, nitrotoluol or nitroxylol as 
fuel improvers for fuels, to be used 
under steam boilers or in diesel engines. 
As an example, 5 parts of nitrobenzol 
are mixed with 20 parts of benzol and 
75 parts of heavy oil but any of the 
materials mentioned above could be sub- 
stituted for the nitrobenzol. 

U. 8S. Industrial Alcohol Company, Nor- 
wegion Patent 34,501 (1922). Fuel con- 
sisting of a petroleum distillate and an 
alcohol by adding, to cause a mixture, 


an aromatic nitrate, e.g., nitrotoluol. 
(B 57). 
U S. Industrial Alcohol Company, 


British Patent 140,796 (1920), French 
Patent 92,691 (1922). A distillate such 
as gasoline or kerosine, an alcohol, and 
a nitrated aromatic compound such as 
nitrobenzene are mixed for a fuel. 


(B 57). 
Explosives (See B 60). 
Winand, P., German Patent 188,100 


(November 2, 1905); U. S. Patent 914,- 
624 (March 9, 1909). Employs as an 
oxygen carrier such nitrated carbon 
compounds as contain a large propor- 
tion of carbon with respect to the 
hydrogen present and a smaller propor- 
tion of oxygen, e.g., the mono-, di- and 
trinitrobenzols, or such nitrated carbon 
compounds as contain a large propor- 
tion of nitrogen in comparison to the 
carbon present, e.g., tetranitromethane. 
(D 79). 

Organic nitro compounds (See D 90). 


F. Nitration 


1, 


Ellis, Carleton (Standard Oil Develop- 
ment Company), U. S. Patent 2,240,558 
(May 6, 1941). Ignition temperature of 
diesel fuel is lowered by treating the 
fuel with nitric acid or mixtures of 
concentrated sulfuric and nitric acids, 
sulfuric acid and sodium nitrate, or 
the oxides of nitrogen. 

Grevel, <A., German Patent 379,966 
(August 31, 1923). The gasoil fraction 


. of crude oil, b.p, 180°-369° C., is mixed 


. Hense, * 
(March 9, 1926) 


with nitric acid, nitrated, and refined. 
French Patent 618;302 
B.C.A:-B, 7 (1928). For 


(July 24, 1933). Addi-. 


. 


% 
3 


increased engine efficiency and com- 
plete combustion in explosion moto 
appropriate acids such as nitric an 
sulfuric acid are added to hydrocarbon 
mixtures, the mixture being stirred con. 


tinually, purified, and distilled. The 
hydrocarbons are mixed with petroleum 
fractions and ammonium nitrate is 
formed by neutralizing the nitric acid 
with ammonia. 

Luck, C. E. Courtney, British Patent 
12,059 (May 21, 1914). Treating and 
eracking oils. Heated paraffin oil ig 
contacted with a nitro compound at 
distilling temperatures, to crack the 
same. Manufacture of liquid combustible 
fuel for internal-combustion engines by 
fractionally distilling a mixture of pe- 


. troleum of sp. gr. 0.805 (not above), a 


gum _ resin, 
(E 21). 
Soc. Exp. Brevets d’Inventions, S.E.B.1,, 
British Pateut 379,725 (August 29, 
1932). Heavy oil such as derived from 
petroleum, shale, asphalt, lignite, or 
peat is rendered suitable for diesel fue] 
by mixing, after refining, with an 
activator prepared by treating with a 
nitrating agent the residues obtained 
during the sulfuric-acid refining of said 
oils and then partly reducing the ob- 
tained nitro compounds with nascent 
hydrogen to obtain a mixture of nitro, 
diazo, azo and hydrazo compounds, 
(D 71, K 69). 

Standard Oil Development Company, 
British Patent 491,648 (September 4, 
1938). Diesel fuels of low ignition tem- 
perature, are obtained by treating a 
heavy petroleum oil with a nitrating 
agent. A nitrating catalyst, aluminum 
nitrate, may be added to the “itrating 
Stage. Nitrated primers ma) be ex- 
tracted with a solvent (aniline). Use 
of nitric acid with water in nitrating 
a-naphthol may be added. 

Standard Oil Development Company, 
French Patent 817,379 (September 1, 
1937); C. A. 32, 2717 (1938). Diesel fuel 
is treated with a nitrating mixture or 
HNOs diluted with water approximately 
to the point corresponding to the mini- 
mum formation of mud, and acid and 
acid material are eliminated. The prod- 
uct is of higher density and takes fire 
at a lower temperature than the original 


fuel. 

Urbanski, T., and Slon, M., Roczniki 
Chem. 17, 161-4 (1937); C. A. 31, 6190 
(1937). Process for the nitration of 
paraffin hydrocarbons. 

Wingett, J. N., U. S. Patent 1,185,747 
(June 6, 1916). Manufacturing combus- 
tion or power liquids. Adding an oil 
normally nonsensitive to ignition at low 
temperatures, a coal distillate and a 
nitrating solution and distilling the 
mixture so formed to reduce the flash 
and ignition point of the product. 


benzene, and picric acid, 


G. Oximes and Nitroso Compounds 


1. 


wre 


DuPont Company, British Patent 429,- 
763 (June 6, 1935). A fuel oil for a 
diesel engine in which has been dis- 
solved as a primer a _  nonaromatic 
organic compound containing an oxime 
group (-NOH), in the amount of 1-5 
percent. Examples ‘of suitable primers 
are: formaldoxime, acetaldoxime, buty- 
raldoxime, methylethyl ketoxime, gyl- 
oxime, cyclopentanone oxime, etc. 
Nitrosomethylurethane (See D 27). 
Howes, D. A. (Imp. Chem. ind), 
British Patent 405,658 (August 5, 1934); 
B.C.A.-B, 311 (1934). Fuel for diesel 
motors. The fuel oil is primed by dis- 
solving therein 1 to 6 percent of @ 
non-explosive aliphatic or aromatic 
heterocyclic nitroso-compound. For ex- 
ample, 1 percent of nitrosotriacetona- 
mine, nitrosonaphthylmethyl- _nitroso- 
naphthylethyl- urethanes is dissolved in 
the oil fraction boiling up to 300° ob- 
tained in the destructive hydrogenation 
of coal. 

Salzberg, P. L., and Peterson, W. R 
(DuPont Company), U. S. Patent 2,009,- 
818 (July 30, 1935). The delay period 
between injection and ignition of a fuel 
is reduced by the addition of organic 
compounds containing either a nitroso 
or an oxime group. The structure and 
constitution of the nitroso and oxime 
compounds are capable of considerable 
modification, e.gs. they may be either 
aliphatic or heterocyclic; the oximes 
may be aldoximes or ketoximes, etc. 


H. Oxidation and Oxidation Products 


z, 


Blum, Richard, German Patent 324,294 
(August 24, 1920). Ozone, ozonized air, 
or ozonides are added to fuel mixtures 
in solid, oily, or gaseous .form. 
Broche, H., Gluckauf, 68, 965-82 (1932). 
The use ‘of tar oils in diesel engines. 
Oxidation catalysts and oxygen, vana- 
dium, pentoxide, etc. (C 2). 

Bruzac, J. F. A., French Patent 689,021 
(January 28, 1930); CG. A. 25, 1060 
(1931). A fuel suitable for Giese] engines 
is made by treating crude petroleum, 
schist oils, lignite oils, etc., with ozon- 
ized air or ozone. 
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10. 


11. 
12, 


13. 


14. 


16. 


16, 


17. 


18. 


19. 


20. 


21. 






‘Csany i My Sook Patent 1,333,8 
(March 16, 1920); C. A, 14, 1437 (1 He 
In order to increase the proportion of 
oxygen in explosion mixtures, hydro- 
carbon vapor and moisture are subjected 
to electrolysis while being led to the 
point of combustton in order to decom- 
pose the water in the mixture and aug- 
ment the proportion of oxygen in the 
mixture. British Patent 129,010 (1917). 
Greenstreet, C. J., U. 8. Patent 1,800,997 
(April 14, 1931). This invention relates 
to a process of refining diesel fuels so 
that they will carry a substantial 4uan- 
tity of their own oxygen. For example, 
with kerosine made by pressure distilla- 
tion, air is blown through and after- 
wards air-agitated with from 1 to 3 per- 
cent by volume of the active oxygen 
agent; said agent being the product 
resulting from decomposing the per- 
carbonates, persulfates, perborates or 
dioxides with acid, and carrying ap- 
proximately 8 to 10 volumes of oxygen 
in solution, or the equivalent in gaseous 
form. The combustible oxygen-carrying 
materials or oxidizing materials are 
well-known, Nitrates and nitrating com- 
pounds can be used; the products re- 
sulting from decomposing percarbonates, 
persulfates, perborates and dioxides with 
acids above-mentioned or any oxygen- 
earrying compound which will give up 
its oxygen under engine-cylinder tem- 
peratures when carried in an explosive 
mixture, the mixture being benefited 
and even greater power obtained if used 
in proper proportions with the nitrates 
and picrates of the benzol, or the naph- 
thalene series, or with combustible 
liquids, partially oxidized, such as the 
alcohols. (B 21, D 24, E 9). 
Treatment with oxygen or ozone (See 
E 26). 

Quinonic oxidation compounds (See B 
22). 


Hense, R. (additional), British Patent 
14,671 (1907). Mineral oils (raw naph- 
tha) are treated to obtain fuel oils 
while simultaneously increasing the 
dynamic energy of the fuels. Addition 
to mineral oils of dissolved bodies con- 
taining carbon products volatilized with 
difficulty, salts rich in oxygen, also 
nitro bodies soluble im mineral oils and 
distilling the mixture with super-heated 


steam. Peroxides may be used, (D 35, 
E 14, I 17). 

I, G. Farbenindustrie, A.-G., French 
Patent 825,113 (February 24, 1938); 


Cc. A. 33, 346% (1939). To increase the 
ignition speed of brown-coal dust, such 
as fuel for dust motors, they are treated 
with oxides of nitrogen, obtained by 
catalytic combustion of ammonia, etc. 
Johnson, J. Y. (1. G. Farbenindustrie, 
A.-G.), British Patent 319,853 (July 14, 
1928); B.C.A.-B. 968 (1929). The use 
of oxygen in diesel engine operation. 
Powdered fuel used with oxygen or air 
containing additional oxygen. 

Oxygen-containing aromatics (See A 8). 
Laurent, A., French Patent 615,750 (May 


7, 1926); B.C.A.-B. 835 (1927). Addi- 
tion of ozone or ozonides to hydro- 
carbons, 


Lintz, O.. British Patent 1,103 (1906). 
Fuel oils. Liquid fuel such as petroleum 
is saturated with air or oxygen prior 
to admission to the diesel engine. 
Mardles, E. W. J., Science of Petro- 
leum, 4, 3034-3035 (1938). Oxidants and 
Antioxidants in the Petroleum Industry. 
Martini, D., British Patent 13,840 (June 
16, 1906); C. A. 1, 2642 (1907). Ioniza- 
tion of the oxygen of the air and its 
use to form ionic nuclei with a spray 
of crude petroleum or its distillates for 
internal-combustion engines. 

Meyer, E. G., British Patent 262,363 
(June 12, 1925); B.C.A.-B. 134 (1927). 
Similar to H 14. 

Moore, C. M., (Union Oil Company of 
California), U. S. Patent 2,146,265 (Feb- 
ruary 7, 1939). Ozone-containing gas 
used as diesel ignition accelerator. 
Noteman, A., U. S, Patent 512,894 (Jan- 
uary 16, 1894). Impregnation of hydro- 
carbon oils with oxygen or an agent 
rich in oxygen. 

Olauson, E. A., Swedish Patent 75,292 
(November 24, 1927-November 1, 1932); 
Chem, zentr. pt. II, 384 (1934). Starting 
cartridges for oil motors. Use of com- 
bustible substances and materials giving 
off oxygen, sulfur and nitrates, chlor- 
ates, or perchlorates. (D 58, K 56). 
Oliviero, M. J., French Patent 777,917 
(March 5, 1935); C. A. 29, 45527 (1935). 
Combustion improved by using ozonized 
air. 
Pfirrman, T. W. (To Friedrich Uhde), 
U. 8. Patent 2,213,407 (September 3, 
1940); C. A. 35, 602 (1941). A process 
for making difficulily ignitable diesel- 
power fuels more readily ignitable, 
which comprisies treating such a fuel 
in the liquid phase with a gas com- 
prising OQ, in such proportions and for 
such a reaction period that no sub- 
stantial proportions of O:-containing 
hydrocarbon compounds are formed, and 
the boiling curve of the distillable por- 
tion of the starting material is not sub- 


22. 


23. 


24. 
25. 


26. 


27. 


28. 


stantially altered, the treatment taking 
place between 159° and 350°. (British 
Patent 499,372). . 

mage, A. S., British Patent 273,832 
(April 13, 1926); B.C.A,-B. 661 (1927). 
Ozonides. Olefinic materials treated with 
ozone at 30°-40° below the boiling 
point to obtain motor fuels. 
Schultz, T. H., Levine, I. E., and Well- 
man, H. B., (Standard Oil Company of 
California), U. S, Patent 2,317,968 (April 
27, 1943). A process is employed for 
preparing a diesel-type motor fuel con- 
taining substantial proportions of chemi- 
cally co:nbined reactive oxygen, directly 
measurable in terms of oxygen factor of 
the fuel. 
Oxidation (See B 49). 
Stryker, D., Canadian Sasa 306,144 
(November 25, 1930); C. 25, 8 
(1931). Motor fuel. Liquid ivavameshn 
fuel and less than 1 percent of oxidized 
heavier hydrocarbons soluble therein. 
Higher fatty acids may be mixed with 
the mineral oils. 
Vyrubov, D. N., Dizelestonenie No, 7, 
3-10 (1940); Khim. Referat. Zhur. 4, 15 
(1941). Addition of O2 decreases the 
arrest in the explosion and increases 
the vélocity of combustion. Ozone has 
no effect on the combustion process 
within the limits of the concentrations 
(0.001-0.0015 percent in the air used) 
and pressures used. Additions of Hz re- 
tard the explosion, decreasing the oxida- 
tion velocity of the process. 
Wolff, Max & Company, m.b.H. French 
Patent 705,958 (February 5, 1930); C. A. 
26, 283 (1932). Hydrocarbon motor fuels 
improved by adding a support for 
oxygen which is enriched in oxygen be- 
fore or after addition to the fuel. Thus 
a nitrated hydrocarbon or a hydrocarbon 
of the terpene series (oil of turpentine) 
is added to a hydrocarbon fuel and 
oxygen or ozone is passed through the 
fuel. British Patent 376,286 (1932). 
(D 89). 
Ueda, K., Japanese Patent 101,726 
(1933). Fuel for diesel engines. The oil 
is treated with chromic acid mixture in 
the presence of active carbon. 


Peroxides 


2. 


— wee 


on 


10. 


11. 


Anon., Am. Gas Light Journal 102, 183 
(1915). Peroxidized kerosine as a motor 
fuel. Kerosine and other heavy petro- 
leum oils are mixed with a small 
amount of ooh picric acid or 
nitronaphthalene. (E 2). 

Alkyl peroxides (See B 4). 

Peroxides of ketones and peroxides of 
anhydrides from fatty acids (See D 5). 
Badertscher, D. E., and Crandall, G. S. 
(Socony-Vacuum Oil Company), U. S. 
Patent 2,174,680 (October 3, 1939). Di- 
acetal peroxide as a diesel dope. Acetic 
anhydride is added to the oil and then 
oxidized in situ to diacetal peroxide. 
One percent goes from 42 to 59 or an 
increase of 17.0. Other blends show in- 
creases as low as 3-5 cetane numbers 
for 1 percent in a 42-cetane stock. 
Broeze, J. J. and Hinze, J. O., ““Experi- 
ments with Doped Fuels for High Speed 
Diesel Engines."’ Paper presented at 
World Automotive Engineering Congress 
of the S.A.E. at New York City. (May 
22, 1939). J.1.P. 25, 657-77 (1939). 
Reference is made to acetone peroxide 
and ethyl nitrate. (D 9). 

Buerk, G., U. S. Patent 1,766,501 (June 
24, 1930), Liquid fuel for internal-com- 
bustion engines. Gasoline, benzol, naph- 
tha, kerosine, crude oil or crude oil 
derivatives have added 0.5 percent of 
benzoyl peroxide, hydrogen peroxide, 
naphthalene peroxide, or per salts to 
give greater explosive effect and greater 
power. - 

Aromatic peroxides (See D 15). 
Egerton, A. C., Cong. Chim. Ind.C.r. 
18me Cong. Nancy 1123-1132 (Septem- 
ber-October, 1938). The importance of 
peroxides in the combustion of hydro- 
carbons. 
Egerton, A. C., British Patent 443,562 
(March 2, 1936); U. S. Patent 2,093,008 
(September 14, 1937). Diesel or other 
engine fuel is doped with a peroxide 
in which one of the peroxide atoms is 
attached to an alkyl or aryl-alkvl 
radical while the other is attached to 
hydrogen or a second alkyl radical, e.g., 
diethyl peroxide. Alkylidient peroxides 
also may be used. 

Egerton, A. and Ubbelohde, A, R., Na- 
ture~ 133, 179 (1934); C. A. 28, 2512 
(1934). EteOs is a violent pro-knock, 
slightly more potent than CsHuNOz:2 at 
the same concentration. Its knocking 
action is inhibited by PbEty. EtHO: is 
likewise definitely a pro-knock. In spite 
of the ease of thermal decomposition, 
H2O2 has a definite but slight pro-knock 
tendency. 

Elkington, H. -V. de Bat. Petr. 
Maat.), British Patent 428,972 (May 16, 
1934), German Patent 617,492 (August 
20, 1935). Diesel fuels. Fuel is primed 
with acetone peroxide, with or without 
tetrahydronaphthalene peroxides, nitro- 
gen sulfide (N4Ss) or esters of nitric or 
nitrous acid; up to 5 percent is added. 
D 19, J 7). 
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Harnor, W. A., Chem, News a] an 2; 
91 (1942). Acetylbenzoyl peroxide dis- 
played a higher activity ds a ; 
dope than diacetone dipedoxide when 
added to commercial gasoil. 
Tetralinperoxide (See’D 27). 
Peroxides, general (See D 29). 3 
eT eae: amylene peroxide (See 
A peroxide of an organic substance 
(See D 34). 
Peroxides, genéral (See H 8). 
Hock, H., German Patent 651,771 (Oc- 
tober 19, 1937). The ignition point of a 
diesel oil is improved by adding 1-3 
percent of tetrahydronaphthalene perox- 
e. 
Kokatnur, V. R. (Autoxygen, Inc.), U, 
S. Patent 2,296,558 (September 22, 1942), 
This invention relates to a diesel fuel 
containing lauroyl peroxide in sufficient 
amount to increase the cetane number 
of the fuel base, a 
Krepelka, J. H., and Buksa, R., Chem, 
Listy. 31, 447- 55 (1937). New addition — 
compounds of hydrogen peroxide with” 
organic compounds, 
Hydrogen peroxide (See D 52). y 
Moser, F. R. (Shell Development Coma 


pany), U. S. Patent 2,011,297 (August 
13, 1935); Canadian Patent 349,965 — 
(April 30, 1935). A small amount of 


tetralinperoxide (0.5 to 1.5 percent) is” 
added to fuel for internal combustion 
engines. 

Moser, F. R. (Shell Development Com- 
pany), Canadian Patent 355,519 (Janu-~ 
ary 21, 1936); C. A. 30, 2747 (1936). A 
motor fuel for a diesel engine containes 
ing a small amount of a compound se- 
lected from the class consisting of ke- 


tone and aldehyde peroxides, e.g.” 
acetone peroxide. 5 
Moser, F. R, (Shell Development Com-~ 


pany), U. S. Patent 2,218,135 (October 
15, 1940). A small proportion of methyl-— 
ethyl ketone peroxide or the like (suit-— 
ably about 0.5-1 percent) is added, and 
serves to give improved ignition prop- 
erties. 

Moser, F. R. (Shell Development Com- 
pany), U. S. Patent 2,107,059 (February 

1, 1938). Acetone peroxide alone and 
acetone peroxide plus a substance se- 
lected from the group consisting of 
tetralinperoxide, nitrogen sulfide, esters 

of nitric or nitrous acid as ignition ac- 
celerators, (D 54, K 51. 

Moser, F. R. (Shell Development Com- 
pany), U. S. Patent 2,133,733 (October 

18, 1938); C. A. 33, 837 (1939). An alde- 
hyde peroxide or ketone peroxide such 

as acetone peroxide is used with a 
minor proportion (10-50 percent) of a 
hydrocarbon material such as gasoil in 

a liquid state sufficient to wet the 
peroxide surfaces and serving to facili- 
tate safe handling of the product. 

Moser, F. R. (Shell Development Com- 
pany), U. S, Patent 2,092,322 (Septem- 

ber 7, 1937); C. A. 31, 7883 (1937). A 
ketone or aldehyde such as acetone is 
caused to react with a persulfate-radical 
containing solution which has been sub- 

ject to a hydrolytic treatment to pro- ’ 
duce an organic peroxide such as ace- 
tone peroxide. 

Moser, F. R. (Shell Development Com- 
pany), U. S. Patent 2,240,145 (April 29, 
1941). A liquid fuel for compression- 
ignition engines containing a _ small 
amount of heteropolymeric ketone per- 
oxides obtained by oxidizing a mixture 

of at least 2 ketones of different molecu- 

lar sizes, one of which is acetone. This 
invention is an improvement over that 
disclosed in U. S. Patent 2,011,297, 

N. V. de Bat. Petr. Maat., British Pat- 

ent 421,928 (January 26, 1934); B.C. 
A.-B. 216 (1935). Liquid fuel for diesel 
engines is primed by dissolving therein 

one or more organic peroxides or mix- 
tures containing such peroxides, or by 
forming such peroxides therein, no other 
primer being present. As an example, 

0.5 to 1.5 percent of tetrahydronaph- 
thalene peroxide is cited. 

N. V. de Bat. Petr. Maat., British Pat- 
ent 444,544 (September 1i, 1935); B.C. 
A.-B. 683 (1936). Diesel fuels. The igni- 
tion quality of diesel fuels is improved 
by adding acetone peroxide or its homo- 
logues, e.g., peroxides, of methylethyl 
ketone, diethyl ketone, diisopropyl ke- 
tone, etc. 

N. V. de Bat. Petr. Maat., German Pat- 
ont 617,492 (August 20, 1935). Similar to 
I 30. 

N. V. de Bat. Petr. Maat., French Pat- 
ent 774,099 (1934). Similar to I 11. 
Peroxides, general (See D 59). 
Oosterhuis, Albert G., Jr., French Pat- 
ent 821,747 (December 11, 1937); C. A 
32, 37698 (1938). Aromatic peroxides. 
Peroxides insoluble in water are pre- 
pared from an acid chloride and an- 
alkaline solution of a peroxide in the 
presence of a dispersing agent for the 
acid chloride, e.g., oleic or ricinolei¢ = 
acid, Turkey-red oil, sodium tauro= 
cholate, saponin or lechithin, E- 
Pevere, E, F., and Meyer, W. N., (The 
Texas Company), U. S. Patent. 2,178,327) 
(October 31, 1939), C. A. 34, 1466 (1940). 
About 1-5 percent of afpropiony] perox=, 
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The fitting of turbine buckets is an exacting 
operation. Anything other than a permanent 
abes tight fit in the disc slot would result in vibration 
: and eventual bucket failure. So Elliott engineers 
dictate a very close tolerance and special gauges 








yom- eS va . e eos 
ust é 4 for this detail. Pretty close work, and requiring 
‘? : se real skill, but essential to the kind of performance 
) ‘ 
stion ; i ° . es es 
aa ; expected of an Elliott turbine. This is the opinion 
ie - A. a Ae of Elliott engineers, based on their many years 
ain- § & ° oy Je * 
es of turbine-building experience. 

€.8., ; - f ‘ : 
‘om / The entire Elliott turbine is built with the 
ober i : * . a 7 
hyl- " same seasoned engineering judgment applied 
ra to dimensions, tolerances, materials, production 
om ) methods, and other engineering features which 
and i Driving turbine buckets 

se- a into place on the wheel. affect ultimate performance. Certain design fea- 
of . Very close fit of buckets 
ers / in their formed slot in- tures are perhaps better than they need to be 

‘ ‘ sures permanent tight- 

om: -~, for small turbines, but many users want a turbine 
ober > oF, ° . . + 
oe that needs no pampering, that will give uninter- 
I a Bg : . @,° 
of aE ' fl yy rupted service under any reasonable. conditions 
il in : F ef i fy’ 

the z + aa (7 . (and some pretty unreasonable). They get such 
om. : ~ nd Be service from Elliott turbines. 

em- « 3 ‘be? i 

) A s ; 

e is * é a “4 e 

lical , . 

re . <a ‘We The booklet about these turbines will give you very 
—- e \ . interesting factual evidence and data. It is valuable 
‘om- ‘ ‘ \ : e ° 
28 to have on file, even though you may not immedi- 
} % c / 

mall > ~ en Y a ately need turbines. Write for a copy. 
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ide is added to improve the ignition 


eharacteristics of the fuel, Other-com- 
pounds in the same class are diacetal 
roxide and dibutyryl peroxide 
36. Pickard, W., British Patent 106,637 
(October 26, 1916); C. A. 11, 2607 (1917). 
Solid fuel for internal-combustion . en- 
gines; powdered coal dust and manga- 
nse dioxide or sodium peroxide. (C 18). 
37. von Richter. V., “Organic Chemistry,’’ 
Blakiston’s Son & Co., London, 1919, 
Vol. I. 224, Cyclodiacetone peroxide 


(CHyg)2 C C (CH g)2, m.p. 132°, is 
o—O 

prepared by the action of H2SOs5 (Caro’s 
acid) on acetone (B. 33, 858). Cyclo- 
triacetone peroxide (CsH,¢O2)3, m.p. 97°, 
is obtained from acetone and hydrogen 
peroxide, with special ease when in the 
presence of hydrochloric acid. It is in- 
soiuble in water, but soluble in benzene 
and in ether. It explodes when struck or 
suddenly heated (B. 28, 2265). Methyl 
ethyl ketone and H:SO;s produce methyl 
ethyl ketone peroxide (C4HsO2)2, a color- 
less oll, which explodes above 100°. 

38. Schmidt, A. W., Braunkohlen 35 535-48 
(1936). Evaluation of fuels. Anti-knock 
tests. Effects of addition of benzene 
and alcohol. Addition of organic perox- 
ides—ignition effects as  pro-knock 
agents for diesel fuels. Divided into 
dialkyl- and ethylidene peroxides, the 
most efficient with oils from brown and 
bituminous coals and with petroleum 
gasoil were those with oxygen entirely 
in peroxide combination. Best in order: 


dimethyldiethyl-, diacetoxydiethyl- and 
ethylidene, acetyl-, benzoyl- and tetra- 
linperoxide. 


39. Schmidt, A. W., and Mohry, F., Oel u. 
Kohle ver, Petroleum 36, 122-8 (1940); 
C. A. 35, 297 (1941). Results show that 
the ignition: delay of the low-tempera- 
ture carbonization fuels is increasingly 
improved by the addition of tetralin 
peroxide, acetyl benzoyl peroxide, mono- 
hydroxydiethy! peroxide, ethylene perox- 
ide, diacetone diperoxide, diethylperox- 
ide, and dimethy! peroxide in the order 
indicated. Acetyl benzoyl peroxide 
shewed higher activity than diacetone 
diperoxide when added to commercial 
gasoil. Quality increases in power out- 
put were observed. 

40. Selden, G. B., U. S. Patent 928,803 (July 
20, 1909). Picrate or aromatic hydro- 
carbon alone or in admixture with a 


peroxide for use in improving ignition 
quality for diesel fuels. (E 32). 
41. Selden, G. B., U. S. Patent 929,503 


(July 27, 1909). More power is obtained 
from an engine when 1-2 percent of 
nitrobenzene and 0.5 percent of a vola- 
tilizable peroxide such as hydrogen per- 
oxide or benzoic or acetic peroxides is 
added to the hydrocarbon fuel. (E 33) 

42. Selden, G. B., National Petroleum News 
5, No. 7, 39-42 (1913). Peroxidized kero- 
sine. Absorption of hydrogen peroxide 
and organic peroxides. An increase in 
power is obtained by adding peroxides 
and naphthalene picrate to fuel oils. 
(E 34) 

43. Peroxides, general (See D 70). 

44. Standard Oil Development Company, 
British Patent 545,125 (May 12, 1942). 
A diesel fuel containing from 0.5 to 4 
percent of diacyl peroxide (dilauroyl 

eroxide). 

45. eroxides, general (See K 79). 

46. Tadema, Harco J. (Shell Development 
Company), U. S. Patent 2,270,175 (Janu- 
ary 13, 1942); C. A. 3345%, (1942). 
Aliphatic ketone peroxides and mixtures 
containing them are obtained by treat- 
ing aliphatic ketones such as acetone 
with products of incomplete tombustion 
of hydrocarbons, the products obtained 
being suitable additions for improving 
the ignition properties of diesel fuels, 

47. Texaco Development Corporation, French 
Patent 817,326 (February 3, 1937); 
Chem. Zentr. pt. I, 512 (1938). The ig- 
nition velocity of diesel oils‘is increased, 
if 1-5 percent, especially 3-4 percent, of 
a peroxide of a ketone with 3-6 carbon 
atoms are added. Peroxides of methyl- 
ethyl ketone, methylpropyl ketone, die- 
ethyl ketone. 

48. Texaco Development Corporation, Brit- 
ish Patent 488,625 (July 11, 1938); C. A. 
33, 347 (1939). Diésel fuels are primed 
by adding a small proportion, e.g., 1-5 
percent, of a peroxide of an aliphatic 
ketone containing in the unimol. form 
4-5 © atoms, The cetene number is 
raised. 

49. Thiemann, A. E., Automobiltechnische 
Zeitschrift 45, 454-7 (1942); Chem. 
Zentr, 2, 2757 (1942). Several ignition 
accelerators are mentioned: ketone or 
aldehyde peroxides which result from 
the action of hydrogen peroxide upon 
aldehydes and ketones or by extraction 
with oil from a mixture of sulfurous 
and persulfuric acid as well as ketones; 
acetone peroxide, other ketone peroxides, 
isoamyl nitrate, tetranitromethane, ethyl 
nitrate and alcohol. (B 55 D 78) 


J. typ meng 
1. rger, H. G., George, R. S., and Ny- 
gaard, EB, M,, U. S. Patent 2,206,594 


142- 


we 


ao 


SO 0-3 


11. 


13. 
14, 


15. 
16. 


19. 


21. 


‘and N. Miller, P., 


~ 


(July 2, 1940); J. Inst. Petroleum 423.4” 
i : t improved’ 


g Preparation of an- 

lesel fuel composed of a hydrocarbon 

fuel oil and a minor proportion of hy- 

drogen. persulfides and elementary sul- 

fur in admixture therewith. (K 4) 
British Patent 316,055 


Bosch, A. G.,, 
(July 25, 1929), Igniting composition for 


starting cold criide-dil engines. A Cart- 
ridge comprising a phosphorous com- 
pound, such as phosphorous  sesqui- 
sulfide. ' 
Polysulfides, general (See D 15). : 
Cloud, . H., and Mikeska, L. A., 
(Standard Oil Development Company), 
U. 8S. Patent 2,268,382 (December 30, 
1941);, C. A. 36, 27087, (1942) For im- 
proving its ignition properties a hydro- 
carbon fuel is mixed with about 1-5 per- 
cent of sulfovarboxylethyl disulfide or 
other organic compound containing a 
thiocarboxylic acid radical. U.S.P. 2,268,- 
384—relates to like use of about 1-5 
percent of tetramethyl thiuram disul- 
fide or other organic compound contain- 
ing an active thiocarboxylic acid radical 
and Cloud, G. H., 
U.S.P, 2,268,383 (December 30, 1941) re- 
lates to liquid hydrocarbon diesel fuels 
boiling above 400° F. and prepared with 
the addition of about 0.025 percent or 
more of added free S which may be 
present in a free and loosely combined 
form, for improving the ignition prop- 
erties of the fuel. (K 11) 

Cloud, G. H. (Standard Oil Development 
Company), U. S. Patent 2,263,234 (De- 
cember 30, 1941). For high-speed opera- 
tion, a hydrocarbon diesel fuel is blended 
with about 0.25-5 percent by volume of 
alkyl trisulfide such as diamyl tri- 
sulfide to improve ignition quality. 
Crandall, G, 8., and James, W. H., U. S. 
Patent 2,164,151 (June 27, 1939), A’ hy- 
drocarbon fuel oil is used with an ad- 
mixture of about 0.5 percent or’more of 
a bis (aminoaryl) disulfide such as ani- 
line disulfide or o-toluidine disulfide 
which serves to give improved ignition 
properties. . 

Nitrogen sulfide (See I 11). 

Diethyl tetrasulfide (See D 27). 
Polysulfides, general (See D 29). 

James, W. Moran, R. C., and Ny- 
gaard, E. M., (Socony-Vacuum Oil Com- 
pany), U. S. Patent 2,177,719 (October 
31, 1939). (bis) Diamylamine disulfide, 
used as a diesel dope, shows about 6- 
cetane rise for 0.5 percent by weight in 
a 47-cetane stock. 

Maverick, G. M. (Standard Oil Develop- 
ment Company), U. S. Patent 2,045,788 
(June 30, 1936). Motor fuel for diesel 
engines. The major portion is a light 
hydrocarbon liquid of viscosity greater 
than gasoil containing 0.5 to 5 percent 
of chemically combined sulfur in a re- 
active condition. and also containing 0.5 
to 2 percent of a compound of a metal 
group e.g., tin or lead, which is capable 
of reacting with the sulfur compound 
to give increased lubricity. (K 38) 

N. V. de Bat. Petr. Maat., French Pat- 


ent 764,721 (December 1, 1933); Chem 
Zentr. pt. II, 2157 (1934). A small 
amount of nitrogen sulfide, N4Sy, is 


added to fuels for diesel engines. 
Phosphorus sesquisulfide .(See C 15). 
Paulsen, H. C., and Collins, J. O., 
(Standard Oil Development Company), 
U. S. Patent 2,280,716 (April 21, 1942); 
C. A. 36, 56372 (1942). A hydrocarbon 
diesel fuel oil has mixed with it about 
0.1-5 percent of N tetrasulfide, serving 
to facilitate ignition, and with about 
0.001-0.005 percent of 1-mercaptobenzo- 
thiazole, to inhibit deterioration of the 
N tetrasulfide. 

Ethyl disulfide (See K 60). 
Benzylsulfides, diphenyl sulfide (See C 
19). 


Carbon disulfide (See B 46). 


Seeley, C. H., and Arveson, M. H., 
(Standard Oil Company [Indiana]), U. 
S. Patent 2,205,126 (June 18, 1940). 


Alkyl polysulfides prepared and dis- 
solved in a hydrocarbon solvent for use 
as an ignition accelerator. 

Standard Oil Development Company, 
British Patent 544,492 (April 15, 1942). 
A fuel from compression-ignition en- 
gines comprising a diesel fuel oil con- 
taining from 0.1-0.5 percent of nitrogen 
tetrasulfide and 0.001 percent of 2-mer- 
captobenzothiazole. 

Standard Oil Development Company, 
British Patent 546,780 (July 30, 1942). 
A solid or partially solid promoter is 
added to the diesel fuel to increase the 
cetane number. The addition comprises 
an alkoxy phosphopolysulfide, a mer- 
captobenzothiazole, an acylamine or 
oxime, a thiocarbazone, a thiocarbamate 
a7) sulfurized derivative thereof, (K 
7 


Taveau, R. de M., (The Texas Com- 
pany), U. S. Patent 2,034,643 (March 17, 
1936). Compression ignition is aided and 
accelerated by the addition of a small 
amount (0.5 to 5 percent) of polysulfide 
of the general formula R-S-S-S-S-R 
where R may be eny alkyl! or aryl, radi- 
cal or substituted alkyl or aryl group. 
Diethyl tetrasulfide is given as an ex- 
ample,,1 percent of which in a gasoil 
increased the heptane number from 64 







to 85, Di-p-tolyl tetrasulfide increased 
“«*thevheptane number to 76. 
22. Organic polysulfides (See D 86). 


K. Unclassified 

1.. Badertscher, O. E., and Altam 
U. S&S. Patent 2,213, 
To decrease the ignition delay period, q — 
diesel fuel oil has mixed with it an ali- 
phatic S-containing amine. 

2. Barnard, D. P., IV, U. S. Patent 2,125,- | 
875 (August 9, 1938). Use of paraffin 
wax and a pour-point depressor for in-_ 
creasing cetane number. 

3. Behm, H., U, 8S. Patent 1,813,882 (July 
7, 1931). Slaked lime, rosin, formalde- 
hyde, ammonia, turpentine followed by 
contact with air to improve ignition 
quality of diesel fuels. (B 2) 

4. Elementary sulfur (See J 1). 

5, Boeriage, G. D., J. Pet. Tech. 22, 455-68 
(1936). Correlation tests on the ignitio: 
quality of diesel fuels. (Vegetable oils 
and doped fuels.) di 

6. Bristow, W. A., and Buist, C., he 

Patent 461,320 (February 10, 1937). 

Treating high-boiling oils such as coal 

oil or other liquid fuel for use in com-— 

pression-ignition engines of the diesel 
type by the addition of a primer in the 
proportion of 0.5 to 5 percent to lower 
the spontaneous-ignition temperature of 
the high-boiling oil or to reduce the de- 
lay period between injection and ignition 
of the fuel, the primer being either ni- 
troxyl-ethylene-chlorhydrin or nitroxyl- 
ethylenebromhydrin. Also Indian Pat- 

ent 23,109 (1937). 

Burton, A. A. (Standard Oil Company 

of California), U. S. Patent 2,200,260 

(May 14, 1940). Trichloronitromethane, 

otherwise known as chloropicrin, is used 

asa diesel dope, Claim is made that it 
tends to help cold starting by lowering 

the cold-starting temperature by 1° F. 

cetane number increase, and also tends 

to eliminate combustion-chamber de- 

posits. (D 10, E 4) 

8.. Butler, W. H., Diesel Fuel Power, 9, 
456-9 (1931). High-speed diesel fuels, 
Catalysts for the ignition of oils. Dis- 
tillation curves for diesel oils. 

9. Carini, C., Italian Patent 290,137 (May 
28, 1930); Chem. Zentr. pt. I, 1346 
(1937). Increasing the combustion of 
hydrocarbon oils by adding 1-3 percent 
of a mixture of diazo and nitro com- 
pounds, or hydrazo and polynitro com- 
pounds, 

10. Chlorine compounds (See D 12, D 13). 

11. Sulfur (See J 4). 

12. Classen, M. H. K., German Patent 
611,968 (April 10, 1935). Colloidal active 
carbon with furfurol as a diesel dope. 

13. ee or derivatives (See D 
15). 


oe | 


14. Conquest, V. (Armour & Company), U. 
S. Patent 2,135,327 (November 1, 1938). 
Motor fuel containing nitriles. Gasoline 
or kerosine and straight-chain aliphatic 
nitrile -of at least 12-carbon atoms. 

15. Crandall, G. S, (Secony-Vacuum. Oil 
Company), U. 8S. Patent 2,188,262 (Janu- 
ary 23, 1940). Relates to the use of the 
pentazadienes as diesel dopes. These ma- 
terials show an effectiveness approxi- 
mately 75 percent that of ethyl nitrate. 
Difficult synthesis and probable insta- 
bility make their usefulness doubtful. 

16. Crandall, G. §S., Moran, R. C., and 
Berger, H. G., (Socony- Vacuum Oil Com- 
pany), U. S. Patent 2,167,345 (July 25, 
1939); C. A. 33, 8962 (1939). A ‘small 
proportion (about 0.4 percent) of a mer- 
captan such as isoamyl mercaptan is 
dissolved in a mineral hydrocarbin fuel, 
and the fuel is then sweetened in the 
presence of S, resulting in a decrease in 
the ignition-delay period of the fuel. 

17. Deuthche Pyrotech. Fabr., German Pat- 
ent 502,757 (August 5, 1930). Process for 
igniting different ignition reaction mix- 
tures, especially for internal-combustion 
engines. Highly compressed mixtures Of 
amonium nitrate and carbon, an ignitor 
of barium nitrate, aluminum, sulfur and 
flour is spread in a thin layer. (C 3) ~ 

18. Edeleanu Gesellschaft m.b.H., Britisi 
Patent 381,941 (October 10, 1932) 
Favorable results are obtained by add- 
ing to a diesel oil which ignites badly, 
a relatively small quantity, not sub 
stantially exceeding 30 percent of the 
sulfur dioxide raffinates obtained by the 
treatment of a gasoil or diesel oil by 
the known Edeleanu process, The same 
effect can be obtained if the diesel oil 
is subject to a partial extraction with 
sulftir dioxide, sufficient to remove only 
up’ to 75 percent of the quantities that 
could be extracted from the oil, In this 
way good motor oils with low ignition 
are obtained and there is also the ad- 
vantage of using considerably less sul- 
ful dioxide and having iess extraction 
than in the hitherto known extraction 
of gasoils, where the object has. been to 
remove the aromatic constituents 4 
completely as possible. German Patent 
573,211 (March 29, 1933). French Patent 
718,688 (1931). | 

19. Fuller, E. W., and Nagaard, E. M. 
(Socony-Vacuum Oil Company), U. © 
Patent 2,314,137 (March 16, 1943). Igni- 
tion accelerator for diesel fuels compris 
ing an alkyl-, cycloalkyl-, aralkyl hy 
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EXCLUSIVE CHEMICAL ENGINEERING 
DATA continuously compiled over the years by 
The M. W. Kellogg Com- 

pany proved its full value 
~ in the successful develop- 
ment of Cities’ project. 
Based on this data and 
Kellogg’s development of 
Fluid catalytic-cracking 
... the “Cat-Crackers” in 
this refinery were de- 
signed before a single such 
Fluid unit was in operas 
tion! 



















Battery of 3 Fluid “Cats” makes ex- 


tremely high production possible.: 
py CONSTRUCTION-WISE, more'refining recs 
ords were set. Better-than 25,000,000 man-hours 
were expended and at peak of the work, M. W. Kellogg’s 
permanent construction crew supervised 11,000 workmen 
on the job. Working 
against time and the infi- 
nitecomplications brought 
about by the war...the 
crew built and linked 
thirteen different major 
refining units — requiring 
200 miles of continuous 
welding; 1,100 miles of 
pipe and tubing; a power 
plant big enough to supply 
a city of 250,000 people 
with electricity} 





Power house, railroad spurs, docking 
facilities ‘are but a few of the supple- 
mentary projects completed, 


THE ALL-IMPORTANT PROTECTION 


‘of the client’s interests 
in the process rights is 
always part and par- 
cel of M. W. Kellogg 
operations. Licenses 
for all major refining 
processes embodied 
in the Lake Charles 
refinery were are 


ranged by Kellogg. 






Modern Alishetien' units silos ae 
butenes and pentenes. 








COMPRESSED into a six months’ period . . 
this engineering job for Cities is the only one of its! 
size ever undertaken in the history of refining. Over 500,000 


man-hours of mechanical 
engineering were. put into 
the project by the Kellogg 
staff. The blue-prints 
alone can be measured by 
the acre. And the respon- 
sibility to Cities for deliv- 
ering a refinery producing 
to “specs” was Kellogg’s 
alone. 


work done by the Kellogg 
initial operations staff on 
the Cities’ project. These 
men, with broad experi- 
ence in all phases of mod- 
ern refining, assisted the 
refinery’s permanent staff 
to start up each unit as it 
was completed. And each 
unit operates successfully 
—as specified. 


ANOTHER REASON why Kellogg-completec 


plants operate as anne can be found in thé 



























































Intricate piping specifications were ac 
surately established by exclusive stres 
measuring device. 
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Twin Topping Units—two of 13 majo. 
units to be put on stream. 
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droxylamine, e.g.,  dicyclohexyl hy- 
droxylamine, 
Halogen A ed D 25). 
George, R. Crandall, G. S., pvgaers. 
an  hodertaeter, . BB. Us 
Patent 2,266,021 (December 16, 1941); .. 
Inst. Petroleum 28, 374 (1942). Addition 
to diesel fuel of a compound having the 
general formula R.CX.SNO in which R 
represents a radical selected from the 
group consisting of alkyl, alkaryl, aryl, 
and aralkyl radicals, and X is selected 
from the group consisting of oxygen and 
sulfur. The compound is added in suffi- 
cient quantity to decrease the ignition- 
delay period. 
Sulfur compound (See D 22). 
Hartner-Seberich, R. Brenn.-Chem. 14, 
141-7 (1933). Reducing the auto-ignition 
of coal-tar oils. Refers to the difficulty 
of using the oils for diesel motors, owing 
to their high ignition temperatures, 
difficult combustion and low lubricating 
value. Gives method of determining 
self-ignition temperature and a table of 
these values for 40 different 10-percent 
mixtures including: aldehydes, vegetable 
oils, iron pentacarbonyl, amyl nitrate, 
furfurol, olive oil, nitrotoluene, glycol, 
monoethanolamine, diethanolamine, tri- 
ethanolamine, nitroaniline, dinitroben- 
zene, diesel oil, ey a5 8 oil, turpentine 
oll, etc. (B 23, D 26, 11 
Ethylenochiorohydrin nitrate (See D 


Halogen nitrates (See D 29). 

Benzyl bromide (See D 398). 

Hulse, S. H., and Collins, J. O., (Stand- 
ard Oil Development Company), VU. S. 
Patent 2,288,401 (June 30, 1942); C. A. 
37, 5255, (1943), A method is employed 
for improving sour diesel fuel petroleum 
distillates which comprises adding to a 
sour petroleum diesel fuel, distillate oil 
containing at least 10 mg. of mercaptan 
S$ per 100 ml. of the oil, PbS, an alkali 
and reactive S, the reactive S being 
added in a proportion to form by re- 
action with the mercaptans stabilized 
organic compounds containing from 20 
to about 200 mg. of active S per 100 
ml, of the oil, and treating the mer- 
captans with the reactive S in the pres- 
ence of PbS substantially all combined 
Pb persisting as a catalyst throughout 
the reaction to form stabilized organic 
S compounds which satisfactorily per- 
mit the product to pass the A.S.T.M. 
copper-strip corrosion test. 

Organic bromine compounds, e.g., benzyl 
bromide, cyclohexylbromide, butyl bro-- 
mide (See D 41). 

Bromine ‘compounds, e.g., benzyl or 
butyl bromide (See D 45). 

. G. Farbenindustrie, French Patent 
828,861 (June 1, 1938); C..A. 33, 1124° 
(1939). Diesel oils are improved by add- 
ing a small amount of highly poly- 
merized hydrocarbons, the mol. weight 
of which is. of the same order as that of 
natural or artificial rubber. Thus, crude 
natural rubber 0.25, or a polymerization 
product of isobutylene (mol. wt. 200,000) 
0.1 percent may be used. 

Chlorine compounds (See A 8). 
Joachim, W. F., “U. 8S. Navy Correla- 
tion of Laboratory Tests on Diesel Fuels 
with Service Engine Operation.” Oil and 
Gas Power Division, A.S.M.E., State 
College, Pa, (August 18-21, 1937). Refers 
to service and laboratory experiments 
with a large number of doped fuel oils. 
Halogen (See D 47). 

Leroy, M., French Patent 710,496 (Janu- 
ary 21, 1931); C. A. 26, 1756 (1932). 
Liquid motor fuels are improved by the 
introduction of graphite, particularly in 
the colloidal state, with or without a 
support such as a mineral oil of 0.9 
density or “limon.” 

Lieber, B., and Miller, P., U, S. Patent 
2,214,059 (September 10, 1940), J. Inst. 
Petr. 493A (1940). Fuel for diesel en- 
gines. consisting essentially of a hydro- 
carbon fuel with which is blended a 
minor proportion of a tertiary alkyl 
nitrosyl mercaptan. 

Lorang, H. F. J., French Patent 755,- 
820 (November 30, 1933): CG, A. 28, 
21749, (1934). Addition of methyl an- 
thranilate, acridine, aniline, furfurol, 
naphthol, quinoline, nitrobenzene, glycol 
nitrate, ammonium nitrate, amyl ni- 
wry acetylene, etc., to kerosine. (A 10, 
Lubovitch, E., British Patent 403,770 
(January 4, 1934). Liquid fuel. Combus- 
tion improved by the addition of oxides 
or salts of the rare earths to the fuel, 
Sulfur compounds (See J 11). 

—_ oe Steffen, W., and Jaaks-Mun- 
eheberg, E., British Patent 331,966 
(April 30, 1929). Tetralin, sulfonated 
eastor oil, water containing sulfite lye 
as diesel fuel ignition accelerators. 
Meyer, BE. G., British Patent 269,222 
(December 3, 1925); 3B.C.A.-B. 721 
(1927). There are added to liquid hydro- 
carbons of relatively high boiling point, 
small quantities of volatile basic sub- 
stances such as, ammonia and ether. 
(B 32) 

Meyer, E. G., British Patent 411,904 
(December 15, 1932); B.C.A.-B. 749 
(1934). Up to 1 percent of ether, ace- 


tone, and ammonia are added to diesel 
fuel. (B 33) 

Michel, C., prench Patent 787,222 (Sep- 
tember 19, 1935); C. A. 30, 1212 (1933). 
Radioactive materials are added to hy- 
drocarbon oils to cause ionization or 
vaporization. 

Miller, P., and Lieber, EB, (Standard Oil 
Development Company), . SS. Patent 
2,310,306 (February 9, 1943). A solid 
and at least partially soluble ignition 
promoter is added to diesel fuel to in- 
crease the cetane number. Adidtions 
may consist of crushed or powdered sul- 
fur, SsNs alkoxyphospho polysulfides, 
heterocyclic compounds such as mer- 
captobenzolthiazole, acyl amines, acyl 
oximes, sulfurized aliphatic amines, 
alkyl hydrazones or corresponding alkyl- 
aryl derivatives, nitro urea, thiocarba- 
zones, thiocarbamates, and sulfurized 
derivatives. 

Miller, P., and Cloud, G. H}, (Standard 
Oil Development Company), U. S. Pat- 
ent 2,316,011 (April 6, 1943). A compres- 
sion-ignition fuel comprising a hydro- 
carbon diese] fuel oil and 0.2 to 3 per- 
cent of eas Ane a Re OE 
Moness, E., J. Am. Ph. Assoc, 25, 397- 
402 (1936); C. A. 30, 5198 (1936). Per- 
sulfide preparation. 

Moore, C. S., and Foster, H. N., N.A. 
C.A. Technical Note No. 707 (1939). 
“Compression Ignition Engine Perform- 
ance with Undoped and Doped Fuel 
Oils and Alcohol Mixtures.” (B 36) 
Moran, R. C., Fuller, E. W., and Cran- 
dall, G. S., (Socony-Vacuum Oil Com- 
pany), U. S. Patent 2,136,455 (Novem- 
ber 15, 1938). The improvement of a 
diesel fuel is effected by shortening the 
delay period by the addition of 0.5 to 3 
percent of diazoaminobenzene. 

Moran, R. C., Fuller, E. W., and Cran- 
dall, G. S., (Socony-Vacuum Oil Com- 
pany), U. S, Patent 2,136,456 (Novem- 
ber 15, 1938). The quality of a diesel 
fuel is improved by the addition of 
small quantities (0.5-3 percent) of a 
substituted triazene of the general for- 
mula R’ i 

R’ N—N=N—R, in which R, R’ and 
R’’ represent hydrocarbon radicals or 
substituted hydrocarbon radicals in 
which R’ or R’’ may be replaced with 
hydrogen or may represent the hydro- 
carbon portion of a heterocyclic com- 
pound containing a nitrogen atom, as 
for example in the piperidide com- 
pounds. Examples given are phenyl di- 
amyltriazene, ethyldiphenyl triazene, 
diphenyl triazene, etc. 

Moran, R. C., and Badertscher, D. E., 
U. S. Patent 2,115, 275 (April 26, 1938). 
An improved diesel ‘fuel, comprising a 
liquid hydrocarbon fuel ‘and in admix- 
ture therewith a minor proportion, suffi- 
cient to decrease the ignition-delay pe- 
riod of the fuel, of one or more com- 
pounds, selected from the group con- 
sisting of triazo acetone, triazo ethanol, 
ethyl triazo formate, triazoethyl triazo- 
acetate, and 1:2 diazido ethane. 

Moran, R. C., and Crandall,.G. S., U. 
Patent 2,137, 410 (November 22, 1938). 
An improved diesel fuel comprising: a 
hydrocarbon oil and in admixture there- 
with a minor proportion of sulfurized 
terpene, pine oil, a material that is pre- 
dominantly terpene, in an amount suffi- 
cient to decrease the ignition-delay pe- 
riod of the fuel. 

Nitrogen sulfide (See I 25). 
Mortenfabrik Deutz A. G., British Pat- 
ent 289,400 (June 20, 1928), -Chem. 
Zentr, pt. II, 514 (1938). Ignition com- 
position for starting internal combus- 
tion engine. Ignition mixture formed 
from potassium chlorate, sulfur, and 
carbon. (C 16) 

Murphy, G. B., and Hubner, W. 

U. S. Patent 2,203, 838 (June 11, i940)" 
Use of chlorine as a diesel dope. Chlo- 
rine is shown-to have an effect equiva- 
lent to that of ethyl nitrate when added 
to the same base stock. 

Nash, A. W., and Howes, D. A., “‘The 
Principles: of Motor Fuel Preparation 
and Application,’’ Chapman & Hall, 
London, 1935, Vol. II, 460-464. General 
= of diesel combustion accelera- 
ors, 

Nygaard, E. M., McCracken, J. H. and 
Seger, F. M., (Socony-Vacuum Oil Com- 
pany), U. S. Patent 2,326,102 (August 3, 
1943); C. A. 38, 469% (1944). For im- 
proving its ignition properties, a hydro- 
earbon diesel fuel has mixed with it 
about 0.1-5 percent of the oil-miscible 
product obtained by first treating per- 
chloromethyl mercaptan with phenol, 
methyl mercaptan or similar com- 
pounds. 

Chlorates — sulfur (See H 19). 
Sulfur (See D 59). 

Chloroethyl nitrate (See D 64). 

Amines (See C 20). 

Porter, H. R.,'’SAE Journal 651, 356 
(1943). “Cold-Starting Tests on Diesel 
Engines.”’ Chlorine, hydrogen sulfide, 
amyl nitrate, ethyl disulfide, trichloro- 
nitromethane, etc., are effective in aid- 
ing starting when added to the intake 
air. (D 62, E 30, J 15). 

Pyzel, D., (Shell Development Com- 
pany), Canadian Patent 346,022 (No- 


vember 13, 1934). The use of sulfur djj 
oxide raffinate to improve combusti¢ 1 
quality of diesel fuels. 
Rabetrano, E., French Patent. 802, 
(September 1, 1936); C. A. 31, 1 
(1937). Improving the combustion — 
oils, benzines, benzol, fuel oils, gas oil; 
masut, etc. A small amount of amin 
amides, or oxycompounds of naphth 
lene are added; lubricants may t 
added also. Products of naphthalen 
aveek amine, amide, or hydroxyl fune 
tions. ’ ; 
Seger, F. M., and Nygaard, E. 
(Socony-Vacuum Oil Company), U. 
Patent 2,329,489 (September 14, 1943 
An improved diesel fuel comprising 
hydrocarbon fuel oil and in admixtur 
therewith, a minor proportion of thj 
non-volatile oil-solubie product obtain 
by reacting perchloromethyl-mercap 
with elementary sulfur, said non-vo 
tile reaction product ‘containing or 
carbon in chemical combination wii 
substantial proportions of chlorine 
sulfur. q 
Shen, G., Wood, C. E., and Garnée 
F. H., Oel & Kohle, 15, No. 24, 4 
(1939). Evaluation of m-alkylated be 
zenes as diesel motor fuels; n-nony] 
benzene is suitable. a 
Shoemaker, B. H.; and Loane, C. Mj 
(Standard Oil Company {Indiana]), U 
S. Patent 2,169,186 (August 8, 1939) 
Diesel fuel. A high-speed diesel fuel 
Fuel oil and an organic compound 
the formula a-RSNXm; R= alkyl 
aryl radical; X —an element of th 
group-oxygen and _ sulfur; m = who 
number not greater than 2. J 
Shoemaker, B. H., and Batchelder, 
R., (Standard Oil Company [{Indiana]), 
U. S. Patent 2,184,440 (December 
1939). The use of sweetened isoamyl 
mercaptan to improve the ignition 
diesel fuel. 
Shoemaker, B. H. (Standard Oil Com 
pany [Indiana]}), U. S. Patent 2, 230,81 
February 4, 1941). Similar to K 72, 
Chlorine compounds, amines, halogen; 
and azo compounds (See D 70). 
Azo compounds (See F 5). 
Dichlorethylene, powdered coal, co 
lime, coal, oil, soda, water, and ammd= 
nia chloride (See B 48). Zi 
Southcombe, J. E. (Germ Lubricants 
British Patent 396,427 (Augu 
; B.C.A.-B. 853 (October 
1933). To a light diesel fuel oil is add 
>2 percent (preferably 1 percent) 
an organic acid of high mol. wt. (¢.8% 
oleic acid or a mixture thereof will 
lubricating oil). 1g 
Standard Oil Company (Indiana), 
French ‘Patent 830,882 (1938). In thi 
treatment of sour distillates with plum- 
bite for the production of diesel fuels 
a large excess of sulfur is used, which 
is claimed to improve the ignition teéi 
dency of the fuel. a 
Standard Oil Development Company, 
British Patent 521,786 (May 30, 1940)% 
J. Inst. Petroleum 379A (1940). 
for compression-ignition engines of th 
diesel type consisting of a hydrocarbo 
fuel and a small amount of an organi 
compound containing in the same mol 
cule a diazo group and a carbo 
group to impart better ignition qua 
ties to the fuel. & 
Standard Of! Development Compatil 
British Patermt 533,645 (1942). A diesel 
fuel containing from 0.1 to 5 percent 
a compound of the formula (RS) 3P 
where X is O or S, specifically; t 
phenyl tetrathiophosphate, triamyl tri 
thiophosphate, etc. 
Amines (See D 73). 
Thionitrites, sulphonylhydroxylamin 
etc. (See D 74). .,. 
Amines, sulfur derivatives (See J 20). 
Standard Oil Development Companyy 
British Patient 544,417 (April 13, 1942}¢ 
A compression-ignition fuel containin 
0.2-3_ percent of am organic compoutl 
containing a 6-membered heterocyc 
ring containing N and 8, such 3 
2-methyl benzothiazole, benzothiazo 
hydrazine, primuline base, etc. 
Standard Oil Development Compan 
British Patent 432,592 (March 21, 1934).9 
Liquid fuels for diesel emgines, ete. Hy= 
drocarbone liquids boiling in or abov 2 
the kerosine range and 0.1 to 5.0 per 
cent of true esters boiling above 302° F. | 
and containing carbon, hydrogen, and 
oxygen. Esters are described in British 
Patent 403,262 (1932) or amyl stearate, 
buty! acetyl ricinoleate or benzyl or 
hexyl esters of wax-oxidation acids. 
Fuel described in British Patent 378,089 
(1932) may be used. Organic acids, 
fatty or naphthenic acids, active halo- 
gen compounds (carbon tetrachloride, 
benzyl. chloride, and chlor-fatty acids 
or mineral oils), active sulfur com- 
pounds such as sulfurized vegetable 
oils or mineral oils, or paraffin wax, 
lead or tim compounds, load carrying 
agents such as de-flocculated graphite, 
nitro compounds; knock reducers such 
as ethyl nitrate or. peroxides, dyes; in- 


Petroleum Refiner—V ol. 23, No.7 











ene 








% 
% ¥% 
7 





NNN SNS WANS 

S YSN NWN AWAY 
» SNA 

SW AA BRAN KY 


“sa SS SS HSS 





& 
oR 
. *% 


~~ >» WS WY 


‘ 
~AAKRK 


me Ne 





* & *& 
“ ~~ No ~ ~ s & AAA 
ae oe 7 fp ’ a F iD iP DP pe 
~ i no SR WSR RNR NSN 


a 
Jif ie » 
Y —_-*® 
” » 
‘ 
of gt 
VR Ra Wt hr 


oo 
% ‘ si i 
f SS OWN N NN BAK KN RES 


% 
g. 
) ae 3 
> 
TLS fT 
ge ght hod 
‘= MN NE SE 
eh ee OP 


5 
ms. 


mpany,> 
1942)e5 
taining» 
—— 
ocy cli 
ch as 
hiazoyl 








They both need protection!.. . Ir’sa 


big responsibility —supplying protection to floors as 
“A W.” Rolled Steel Floor Plate makes floors rugged, 
hours of punishing wear. No worn or slippery surt- 
id Shown above is the “A.W.” Super-Diamond 


re halo- ° . . ee ° ° . s 
en’ f= Pattern which resists slipping in any direction. Plate can be cut and installed 


y acids 
y tom f almost overnight without disturbing production. Write for folder. 
Slabs—Carbon, Copper or Alloy analyses. 


‘srtst | , Well as trained personnel. 


‘si | permanently safe—despite 


acids. 


sa 1 faces to endanger men on foot. 


egetable 
carrying Other products include Plates, Sheets, Billets, Blooms, 
No.7 ; : ; 
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St. Paul, New Orleans, Pi 


hibitors, or gum fluxes such as naph- 81. Halogens, sulfur compounds (See B 49). 84. Stillman, A. L., British Patent 497,786 
thenic oil may be added. (B 50, C 35, 82. Standard Oil Development Company, (December 28, 1938). Fuel oils. Ignition 
D 76, EB 36, I 45). French Patent 853,052 (March 9, 1940); point is reduced by mixing oil with % 
Standard Oi] Development Company, C.A. 36, 23927 (1942). A diesel fuel com; percent of ‘waste gypsum,” obtained 
British Patent 523,143 (July 5, 1940); posed of combustible hydrocarbons and from the acid treatment of phosphate 
C.A. 35, 60931 (1941). Organic compound @ small quantity of an organic com- rock, Addition as colloid or suspension,. 
containing a thiocarboxylic acid radical pound containing a —SNO, ee or Trisodium phosphate may be added. 
for use as a diesel fuel ignition accel- SNOH group linked to a C ato 85. Aromatic amines (See B 53). 

erator. 83. Ammonia, sulfur, turpentine (See 'B 51). 86. Aniline, toluidine (B 54). 








INDEX LITERATURE AND PATENT SEARCH 
ignition Accelerators for Compression-Ignition Engine Fuels 





INDEX — amine compounds: Cll, C12 D75, D77, D80, D81, = D85, oN D87, 

; Calcium, mercury, barium, tin, antimony, D8s, D90, D992, E4l, 5, H65, 8, H19, 

Literature and Patent Search zinc, and lead containing compounds: C14, H27, 15, I11, 125, 149 K23, K36, K60, K79 
C24 Alkyl nitrites, general: B60, D156, D27, 


A. Aliphatic Hydrocarbons 
Acetylene: Al, A2, A3, A4, A6, AT, A9, Copper acetyl acetone: C8 D28, D29, D35, D39, D45, D47, D48, oe 
5 


All, Al2, A13, A16, D70, K36 Copper oleate: Cl, C8, D41, D45 § 

Allene: A7, All, Al6 Copper propionyl acetone: C8, D41 Amyl nitrates: D4, D5, Dé, D7, Di1, D60, 

Butadiene: A7, All, Al6 Copper stearate: D41, D45 D63, D66, D68, D69, D85, D86, K23, K36, 

General: A7, A8, All, A15 Dibenzyl diselenide: C19 K6 
D39, D53, D88 


Terpenes: A16 Ethyl and methyl borate: C21 Amy! nitrites: 
Lead: B49, C4 Chloroethyl nitrate: D64 


B. Aldehydes, Ketones, Esters, Ethers, etc. n-Lead dinitroresorcinate: C7 Dichlorodinitromethane: D13 
open ee meee ao" B54, D44, D52, K4l Lead salts of higher aliphatic or resin Dichlorotetranitroethane: D13 
ee ace one: 7 ees “mee acids: B22 Ethyl nitrate: C8, D2, D3, D18, D21, D23, 
Alcohols: B7, ot ait a hy es Lead or tin compounds: B22, D23, K79 D30, D31, D32, D33, D34, D39, D41, D42, 
ty per ha te gy me Tab py Lead trinitroresorcinate: C28 D43, D47,.D61, D65, D67, D77, D84, D88, 
Aldehydes: Bl, B9, B22, B41, B52, BS3 sesmnnone Seren, 3% : Bet Dine 
ydes: : , +, Metal derivatives of ketones: C17 Ethylenochlorohydrin nitrate: D27, D28 
B54, B59, B60, C17, D18, E20, 149, K3, K23 Manganese soaps: C13 Glycol nitrates: D55, K38 
Sooey age B17, B34, B51 3 Metal organic compounds of the 2nd, 3rd, Isobutyl nitrate: D51 
ethyl gen” yg Sr ego Et Hoty at and 5th groups: C23, C27 Isopropyl nitrate: D48, D84 
ae = aa pr wae aes. Metallic vapors: C4 Isopropyl] nitrite: D48 
meee: F-4 Bi. Dis Dae Dae Deb, rt Metal compounds, general: C30 Methyl nitrate: D31, D32, D33, D34, D36, 
men Aa. BS, B31, B38, B39, B43, B46, Phenyl compounds of bismuth, selenium, D52, D61, D67 
ers: 5, a “ 4 tellurium, titanium, tungsten, uranium, Nitrosites and nitrosates: D50 
B51, B54, B58, C20, D44, D52, D65, D80, and vanadium: C©21 Tetranitromethane: D57, D87, D92, E41 
Ethy : . eee K40, K4l Pottassium chlorate: K53 Tetrachlorodinitroethane: D13 
thyl acetate: Bé, B56, 65 Potassium nitrate: C16 Thionitrates: D22 
Ethyl alcohol: B47, B52 Vanadium pentoxide: H2 Thionitrites: D74 
Sle ermay oy hoe i ag Trichloronitromethane: D12, D59, K7, K60 
Furfurol: Al, B18, K12 . Alkyl Nitrates, Nitrites, and Nitro Com- }. Aromatic Nitro Compounds 
Ketones: B7, B13, B25, B27, B48, B54, pounds cis gee be 
B58, B59, C17, D44, D52, 149, K41 Alkyl nitrates, general: B59, B60, B61, C1, Benzene picrate: E10 5 li 
Methy! alcohol: B26, B48, B51 C8, D2, D3, D4, D5, Dé, D7, D8, D11, D14, Chloropicrin: D12, D&9, K7, K60 
D15, D16, D17, D18, D20, D21, D22, Naphthalene nitrates: H6 
C. Metal Derivatives D25,, D27, D28, D29, D30, D31, D32, Naphthalene picrate: H6, 142 
Aluminum: C20, K17 D34, D36, D37, D39, D40, D41, Daz, Nitro compounds, general: B59, D34, D36, 
Barium nitrate: K17 D44, D45, D46, D47, D48, D51, D52, D50, D56, D90, E3, Eb, E8, E26, B35, He, 
Boron compounds; C12, C22 D56, D57, D59, D60, D61 D63, D64, D65 140, K79 
Bismuth nitrate: D265 D66, D67, D68, D69, D70, D72, D73, ® CONTINUED ON PAGE 152 
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Alco has solved thousands of 


heat transfer problems... built 
nearly 20,000 units...is organ- 
ized to handle any heat trans- 
fer equipment job completely 





EAT transfer equipment does acrit- ground of experience derived from 
ical job—closely related to costs, solving literally thousands of heat 
safety and results. transfer problems. 

Details of design, materials and con- Nearly 20,000 heat transfer unifs, 
struction are correspondingly critical— over 50,000,000 sq. ft. of heating sur- 
they require highly specialized engi- face, have been built in ALCO shops. 
neering knowledge and experience. Your inquiry for any equipment of 

ALCO has a large staff of heat trans- this type will be handled promptly and 


fer engineering specialists with a back- competently. 


American Locomotive 


ALCO PRODUCTS DIVISION 


HEAT EXCHANGERS «+ PRESSURE VESSELS « PREFABRICATED PIPING 


30 Church Street, New York 8, N. Y.+ Dunkirk, N.Y. 




















































































ACHINES are wonderful creations but in the making of 

wire cloth the hand of the skilled workman still sets up 

and controls the product of the loom. He’s more than a watch- 

man. At Newark, he’s the creator of an accurately-made 
product. ; 

We lay great stress on accuracy and rightly so, we believe. 
Of what use for screening is a woven wire screen if it is not 
accurate to begin with or cannot maintain its mesh count 
or spacing throughout its life. 


/ ; 
The hundreds of NEWARK iam, £-4°a 4 


Wire Cloth users also believe 


that “accuracy in wire cloth” fe" ACCURACY 


counts heavily. 


NEWARK WIRE CLOTH COMPANY 


334 VERONA AVENUE, NEWARK 4, N. J. 
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Nitroaniline: E22, K23 
Nitrobenzol: B34, D31, D32, D33, D60, Dé67, 
El, E20, E22, E23, B31, E37, E39, E41. 
141, K23, K36 
Nitronaphthalene: D16, D67, E22, Il 
Nitrophenols: D67, E5, E7, E19 
Nitrotoluene: D31, D32, D33, D67, E3, E65, 
= £17, E22, E37, E38, K23 
Nitroxylene: E22, 


E37 
Picric acid: D31, D32, D33, D67, E8, F4, 11 


F. Nitration 
With nitric acid: Fi, F2, F3, F4, F6, F7 
General: F4, F5, F6, F8, F9 


G. Oximes and Nitroso Compounds 
Acetaldoxime: G1 
Butyraldoxime: G1 
Cyclopentanone oxime: G1 
Formaldoxime: Gl 
Glyoxime: Gl 
Methylethyl ketoximes: G1 
Nitroso compounds: D29, G3, G4 
Nitrosotriacetonamine: G3 
Nitrosoethylurethane: D27, G3 
Oxime compounds, general: G1, G4 


H. Oxidation and Oxidation Products 

Higher fatty acids: H25 

Oxidation, general:.A8, B22, B49, H9, H14, 

H16, H25, H28 

Oxygen: E26, H2, H4, H5, H8, H10, Hi3, 

H18, H19, H2i, H23, H26, H27 

Ozorte, ozonides: E26, H1, H3, Hi2, H165, 

H17, H20, H22 


I. Peroxides 
Acetone peroxide: 15, I11, 123, 125, 126, 
127, 130, 131, 132, 141, I4§ 
Aldehyde peroxides: 123, 126, 127, 149 
Alkyl peroxides: B4, D31, D32, D33, I4, 
19, 110, 135, 144 
Alkylidiene peroxides: 139 
Aromatic peroxides: D15, D31, D32, I6, 
112, 134, I41 
Benzoyl peroxides: D31, D32, D33, 16, 112 
Diacyl peroxide: 144 
Diacetyl peroxide: I4, 135 
Diethyl peroxide: 19 
Dipropionyl peroxide: 135 
Ethyl peroxide: 110 
General: D15, D29, D34, D59, D70, H8, I1, 
16. 18, 19, 129, 134, 139, 140, 142, K79 
Hydrogen peroxide:-D52, 16, 110, 120, I41, 
142 


Ketone peroxides: B4, D5, 15, I11, 112, 

123, 124, 125, 126, 127, 128, 130, 131, 132, 
137, 139, 141, 146 147 148, 149 

Lauroyl peroxides: 119, 

Peroxides of anhydrides from fatty oe 


Sodium peroxide: 136 
Tetralinperoxide: D27, D28, 111, 118, 122, 
125, 129, 132, 138, 139 


J. Polysulfides 

Alkyl polysulfides: J5, J18 

Aminoary] disulfide: J6 

Benzyl suifide: C19 

Carbon disulfide: B46 

Diamylamine disulfide: J10 

Diethyl tetrasulfide: D27, *J21 

Diphenyl] sulfide: C19 

Ethyl disulfide: K60 

Hydrogen persulfides: J1 

Nitrogen sulfides: I11, J12, J14 

Phosphorous sesquisulfide: C17, J2 

Polysulfides, general: C17, D15, D29, D86, 
J4, Jil, J19, 320, J21 

Sulfocarboxylethyl disulfide: J4 


K. Unclassified 
Amines: B53, B54, C20, D70, D73, DT, 
J20, K23, K36, K47, K62 
Ammonia: A4, B51, F3, K3, K40, K41 
Azo compounds: B38, B39, D70, E35, FS, 
K9, K47, K49, K73 
Benzenes: A2, A9, Al4, B51, E8, E17, K64 
Benzyl bromide: D39, D41, D45 
Butyl bromide: D41, D45 
Chlorates: H19 
Chlorine: K53, K60, K63 
Chlorine compounds: A8, B48, B49, D12, 
D13, D64, D70, K79 
Chloropicrin: D12, D659, K7, K60 
Colloidal active carbon: K12, K34 
General: K5, K8, K32, K46, K54, K84 
Halogens: B49, D25, D29, D39,; D41, D47, 
D70, K79 
Halohydrins: D27, K6 
Hydrazines: D15 
Hydroxylamines: K19 
Mercaptans: K16, K27, K35, K55, K63, K66 
Nitriles: K14 
Organic materials, general: A8, B48, D59, 
K30, K71, K79 
* Paraffin wax: A8, K2 
Pentazadienes: K15 
Radioactivematerials: K42 
Salts of the rare earths: K37 
Sulfur, elementary: D59, H19, J1, J4, K16, 
K17, K27, K43, K52, K63, K67, K72 
Sulfur, general: B49, D59, 125, J11, J20, 
K21, K36, K43, K44, K45, K65, K74, K78, 
K79, K80, K82 
Sulfur-containing amines: K1 
Sulfur-dioxide raffinate: K18, K61 
Sulfonated castor oil: K39 
Sulfurized terpene: K50 
Thiocarboxylic acid radical compounds 


Thionitrates and thionitrites: D22, D74 
Triazenes: K48 
Turpentine: B51, D44, K3, K23 
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a AND NOW. . a Globe Valve built of 
 KARBATE 


- Corrosion-Resistant 
Material 





































ee NEW, and unsurpassed in its com- 
bined chemical and physical properties for 
handling highly corrosive fluids...expressly 
designed for the chemical and process indus- 
tries... this ““Karbate” globe valve is now 
available in 1” and 2” sizes. There is no other 
valve witb all of its features:— 





, K 
), 141, 
is @ Resistant to practically all 
- corrosive chemicals 
acids: @ Unaffected by extreme thermal 
, 122, shock 
8, 139 
@ Fluids contact “Karbate” 
material throughout 
@ Light and small—short face to 
face dimension 
e Self-lubricating 
DBs, e Available with steam-heating 
“ adapter 
D1, 
1, K62 | 
<41 | 
ne Remember, loo 
z Ko 9 eee 
in addition to valves, “National” Carbon, 
aa Graphite, and ‘‘Karbate” pipe, fittings, and | 
6, K19 pumps are available in a wide range of 
‘ sizes for the fabrication of complete con- 
i Dat, veying and heat transfer systems of prac- 
. tically any design. Your inquiries are cor- 
dially invited. Write National Carbon Co., 
b3, K66 Cleveland 1, Ohio, Dept. 306. 
*, Kr 
* BUY UNITED STATES WAR BONDS x 
16, 
7, 8 NATIONAL CARBON COMPANY, INC. 
e ict, Unit of Union Carbide and Carbon Corporation 
30, 
CARBON PRODUCTS DIVISION, Cleveland 1, Ohio 
pounds: New York, Pittsburgh, Chicago, San Francisco 
4 
pit The registered trade-marks “National” and “Karbate” distinguish products of National Carbon Company, Inc, 
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Petroleum Industry 


| W ITH formation of the National Co- 


a Refinery Association in July 
1943 by five large regional coopera- 
tive Gisiclatlons for the purpose of pur- 
chasing the Globe Oil Refinery, located 
at McPherson, Kansas, and announce- 
ment of the proposed organization of 
an International Cooperative Trading 
and Manufacturing Association to en- 
gage in all phases of petroleum, ‘co- 
operators served notice on the petro- 
leum industry that by utilizing war- 
swollen, tax-free profits and the many 
special privileges accorded them by 
government, they seek too monopolize 
international business and to ultimately 
replace the present profit system. 


The plan for world cooperative domi- 
nance has been well described in the 
fifteenth annual report of Consumers 
Cooperative Association, of North 
Kansas City, Missouri, which reads as 
follows: 


“The consumer cooperative move- 
ment in the United States is be- 
ginning to emerge as a national 
movement .. . regional cooperative 
wholesales have joined hands on a 
national basis in petroleum , 
‘there will be examples of such 
teamwork in other fields . . . then 
to unite with cooperatives interna- 
tionally in production and distribu- 
tion will be a next and relatively 
easy step... it is a step that must 
be taken if the common people we 
represent are to provide checks and 
balances against the grand-scale 
monopolies at home and the super 
cartels abroad.” 


There can be no doubt that great 
progress has been made in bringing the 
plan to actual accomplishment. The 
framework has been completed. Expan- 
sion of present cooperative activities 
will bring it to a conclusion, 


Cooperative Activities Numerous 


Today, 2327 local cooperative associa- 
tions supply more than 20 percent of 
petroleum fuels used on American 
farms and are making substantial in- 
roads on the urban market. They serve 
more than 600,000 members and do an 
annual business in excess of $197,000,- 
000. Regional co-ops own and ‘operate 
11 refineries, and are planning the pur- 
chase of additional refining facilities. 
They are also conducting exploratory 
operations and are engaged in crude 
production. One regional cooperative 
wholesale alone owns 289 oil wells and 
867 miles of pipe line. Their facilities 
are further implemented by the owner- 
ship and operation of river terminals, 
barge lines, and oil compounding and 
blending plants. 


Reasons for Success 


Petroleum and other cooperatives 
have prospered as a result of the many 
special privileges and favors granted by 
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A PRELIMINARY report on the ex- 
pansion of the cooperatives in the petro- 
leum industry has been issued by the 
Research Department of the National 
Tax Equality Association. 

Telling of the creation and operation 
of super-cooperatives in this -industry, 
their financing, their purchases of refin- 
eries, pipe lines, and producing fields, 
and the growing volume of their business, 
the report concludes that the great ex- 
pansion of these businesses has resulted 
from their exemption from Federal in- 
come and excess profits taxation and 
other privileges granted by Government. 

“With some semblance of competitive 
equality,” says the report, “the petroleum 
industry could offer little objection to 
the competition of cooperatives and 
should be able to compete successfully. 
It cannot, however, pay its share of the 
high cost of war and at the same time, 
through taxation and many other com- 
petitive disadvantages, support its op- 
position.” 

The accompanying condensation of 
the preliminary report has been released 
by the National Tax Equality Associa- 
tion with the request to the oil industry 
that the facts and figures be examined 
closely, and that any comments, criti- 
cisms and additions to the factual data 
be supplied by all branches of the indus- 
try before the final report goes to press. 














government, These have given them 
many unfair competitive advantages 
over private business. They enjoy 


cheap and favorable government credit. 
Their growth has been promoted by 
government. They have been exempt 
from business regulatory laws. They 
pay very little or no federal income and 
excess profits taxes. 

In order to maintain their freedom 
from federal income and excess profits 


taxes, cooperatives must distribute their _ 


profits to the patrons on a basis of their 
purchases, and are not allowed to ac- 
cumulate unreasonable reserves. They 
have, however, devised many means for 
circumventing the law in this respect, 
and have been able to retain their pro- 


fits, in many instances, for use of the 


association. 


Because dollars saved through tax 
exemption represent much of the in- 
vestment in new facilities of coopera- 
tive enterprise; it is reasonable to con- 
clude that cooperative ownership is in- 
directly paid for by all taxpayers, and 
that the individual cooperative mem- 
bers who profit thereby are being un- 
duly enriched at the public’s expense. 
An illustration of this effect is pro- 
vided by the record of 14 major co- 
operatives, which had combined earn- 
ings of $10,383,177 during their fiscal 
years ending in 1942. They would have 











paid approximately $6,582,943 in federal 
income and excess profits taxes if they 
had been taxed at the average rate paid 
by private industry (63.4 percent.) In- 
stead this and additional funds, amount- 
ing to $7,285,073, were retained in the 
capital structure and, therefore, were 
available for expansion. The rest of the 
non-texed net earnings, $3,098,104, were 
returned to the patrons in the form of 
cash dividends and stock. 


Future Objectives 


As previously pointed out, the leaders 
of the cooperative movement have in- 
dicated that their consumer market will 
ultiraately embrace the entire world in 
the field of petroleum distribution. At 
the present time they are actively en- 
gaged in extending their distribution 
into urban areas. To supply this ever 
increasing market of petroleum prod- 
ucts will require additional production 
and refining facilities. There can be 
little hope that petroleum cooperatives 
will discontinue their absorption of oil 
fields, refineries and pipe lines until 
they have sufficient capacity to service 
the entire demands of their consumer 
market. This fact was well established 
when the five major petroleum whole- 
sales pooled their interests to purchase 
the Globe Refinery. At that time the 
leaders of the movement declared, “Co- 
operative wholesales, being service or- 
ganizations, are seeking, through the 
purchase of additional refining facili- 
ties, to meet the refined fuel needs of 
their members 100 percent.” 


Formation of World Oil Cartel 


On January 17, 1944, directors of the 
Cooperative League meeting in Wash- 
ington, D. C., voted unanimously to or- 
ganize the International Cooperative 
Trading and Manufacturing Associa- 
tion—“to engage in all phases of the 
petroleum industry and in food distribu- 
tion.” The plan was presented by 
Howard A. Cowden, vice president of 
the League and chairman of its com- 
mittee on international cooperative re- 
construction. 


The plan was later presented to rep- 
resentatives from 22 countries, attend- 
ing a conference on cooperative re- 
habilitation. It was approved by this 
group in principle and later will be pre- 
sented to cooperative organizations all 
over the world for ratification. 

This would not be an entirely new 
undertaking, since the Consumers Co- 
operative Association, headed by Cow- 
den, shipped significant quantities of 
grease and oil to cooperatives in 
Canada, Scotland, Sweden, Holland, 
France, Esthonia, Finland and Bulgaria 
prior to the war. In exchange, they re- 
ceived large\ shipments of tea. 

Capital requirements of this huge 
undertaking were estimated at $12,160,- 

asa maxmium figure ‘to begin 
petroleum distribution on an _ interna- 
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1. No “flash” gas enters the chilling 
sections—Yolatile refrigerant is fed di- 
rectly into an accumulator where “’ flash’’ 
gas, forme as the refrigerant passes from 
liquid to ¢vaporating stage, is released. It 
returns to the refrigerating machine. 
Only liquid refrigerant at saturated tem- 
perature reaches the chilling sections. 
Thus, you get the heat-transfer benefit of full 


evaporation where you need it 


2. Inclined position improves circula- 
tion—The refrigerant-vapor outlet is 
higher than the liquid refrigerant inlet— 
an exclusive Worthington feature. Grav- 
ity-flow fed from the accumulator, the 
liquid refrigerant enters the bottom of 
each chilling section. Surplus is swept 


WORTHINGTON PUMP AND MACHINERY CORPORATION, HARRISON, N. J. 


1. Horizontal compres- 
sors for ammonia, pro- 
pane, butone 
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LET’S FOLLOW THE REFRIGERANT THROUGH A 
WORTHINGTON DOUBLE-PIPE CHILLING MACHINE 


Siecie el a —>— ~¢ a 
—— SSSIISIITIST ‘4 AAAARAAAAANS a 


J S 
PAINE: C0883 


— 


- and see how heat-transfer rate is increased 3 important ways 


back to the accumulator. This circulation 
greatly increases the heat transfer rate. 


3. Spring-loaded scrapers keep pipes 
clean—As fluid to be chilled—wax-bear- 
ing oil or other solutions—passes through 
the inside pipes, it transfers its heat to the 
refrigerant. The crystals form but do not 
adhere to the cold surface as inside sur- 
faces are continuously cleaned by rotating 
spring-loaded scrapers. This insures the 
most efficient heat transfer. 


Worthington double-pipe exchangers 
have same design, and construction as 
direct-expansion chilling machines ex- 
cept for level position and non-volatile 
refrigerant. 






















Full deiaiis in new Bulletin C-1100-B-15 

This new bulletin des<cibes other unique 
features: special safety scrape drive with 
shearing protection for each section; c2s- 
ily removed drive shaft with pressure lu- 
bricated bearings; external ball-type 
thrust bearings; improved chain-and- 
sprocket-type main drive with adjustable 
outboard bearings. 





Write for Bulletin C-1100-B-15 today an 
learn how Worthington's nai 
experience for more than 
fifty years with this type of 
equipment has resulted in 
improved design, construc- 
tion and operation. 





BEHIND THE NAME 















5. Shell and tube refrig- 
erating equipment 





- Puzmusm 


The two slender bends 
shown above are part of intri- 
cate fabrications completed in 
Associated shops—fo: use in 
high octane plants. These 
pieces fit perfectly into com- 
plex assemblies (puzzles in pip- 


ing, figuratively speaking). 


ASSOCIATE 











Literally speaking, “puzzles 
in piping” are solved con- 
stantly at Associated. Whether 
they be simple or involved we 
have the answers—in experi- 
ence, skill, men, equipment, 
for engineering, fabrication, 


installation. Let Associated 


handle your piping problems. 


ASSOCIATED PIPING & ENGINEERING CO., Inc. 
2332 East 38th Street * Los Angeles 11, California 










tional scale. It was suggested that 8) 
percent of the cost be borne by over. 
seas cooperatives and 20 percent by co. 
operatives in the United States. [t 
has been indicated that a portion of the 
money might be obtained from PRC, 
The large regional wholesale petro. 
leum cooperatives pooled their interests 
to form a “super petroleum coopera. 
tive” to purchase the Globe Refinery at 
McPherson, Kansas. The purchase of 
this refinery was of particular sig- 
nificance to the petroleum industry, 
since it represented the first national 
federation of cooperatives to enter the 
fields of petroleum production and re. 
finery operation. The National Co- 
operative Refinery Association was 
created by Central Cooperative Whole. 
sale, Superior, Wisconsin; Midland Co. 
operative Wholesale, Minneapolis, Min- 
nesota; Farmers Union Central Ex. 
change, St. Paul, Minnesota; Farmers 
Union State Exchange, Omaha, Ne. 
braska; and Consumers Cooperative 
Association, North Kansas City, Mis- 
souri. 
The Globe Refinery was built in 1932 


_as a 7500-barrel plant. It had been en- 


larged from time to time and, when 
purchased by the regional cooperatives, 
had an extreme capacity of 17,500 bar- 
rels of crude per day. The purchase 
included a 6-inch, 229 mile pipe line 
from McPherson to Council Bluffs, 
Iowa, together with land, buildings, 


_ storage tanks, and equipment. 


The association was incorporated 
with an authorized capital of $2,010,000, 
or approximately 40 percent of the cost 
of $5,000,000. The five wholesale asso- 
ciations participating in the purchase 
subscribed to stock of NCRA in the 
amount of $1,550,000. It is probable 
that the remainder of funds for the 
refinery purchase was financed by a loan 
granted by the Wichita Bank for the Co- 
operatives. These loans bear interest at 
the rate of 3%4 percent, are secured by 
first mortgage on the property, and 
may be made in an amount up to 
percent of the appraised value of the 
facilities acquired. 


Engaged in Refining and Producing 


The super petroleum cooperative, of 
course, was preceded by many large 
regional cooperative wholesales. These 
wholesale associations were originally 
organized by the local cooperative as- 
sociations to capture the economies fre- 
sulting from large-scale purchases. At 
first they were little more than broker- 
age agencies, but they were so success- 
ful that they soon extended their oper- 
ations back to the sources of supply, 
namely, production and refining. 

The first association was incorporated 
in Minnesota in 1926 as the Minnesota 
Cooperative Oil Company, later change 
to the Midland Cooperative Wholesale. 
It was the first cooperative wholesale 
association in the United States or- 
ganized primarily to engage in the dis- 
tribution of petroleum products. Its of- 
ganization was followed by similar or- 
ganizations throughout the country. In 
addition, many existing cooperative 
wholesale associations began to dis- 
tribute petroleum products and soon 
thereafter these products represented 4 
major line. 

The ‘importance of such wholesale 
associations is reflected in the dollar 
volume of sales figure compiled by the 
Farm Credit Administration for 17 ma- 
jor wholesale cooperatives, The com- 

ined value of supplies sold at whole- 
sale amounted to $220,360,873 for the 
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The MOST COMPLETE Steel Pipe 


and Tube Service 





with— 






“Service on _ 


fa | S é A M L E $ S Automatic Controllers 


—=NATIONAL TUBE PRODUCTS— TUBE-TURNS 


WITHOUT WELDS Tees, Reducers, Flanges 
and Welding Caps 





WALLS 


The greater combined Refinery Steel Pipe and Tube 


facilities of the VINSON SUPPLY COMPANY assure you C B A SE 
maximum service with economy. We maintain adequate 

stocks to serve your immediate needs for Refinery Sizes wn i ” 
of National Condenser Tubes as well as Standard, Extra- Antimonial Admiralty 
Heavy and Double Extra-Heavy Seamless Pipe. Large OD ‘ 
Seamless is carried in sizes from 14” OD to 24” OD, in 

several wall thicknesses. Let us also have your require- CONDENSER TUBES 


ments on Boiler and Still Tubes. 





Cpl hale ThFBfn 


VINSON SUPPL C 


DALLAS © TULSA e ODESSA 



















Service That COVERS The Mid-Continent 
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Speed up production and reduce your 
maintenance cost through the use of 
AIRETOOL Tube Expanders. Airetool Ex- 
panders are precision built; have uniform 
hardness and grain structure in each in- 
dividual part. Airetool Expanders are 
versatile and long lasting and run cooler. 
Made to meet every tube expansion need— 
to fit every type and size of tube. Special 
types for unusual conditions. Right angle 
or universal drives. Learn all about these 
outstanding expanders. Write for latest 
infv;mational booklet. 


TUBE CLEANERS 


The efficient removal of coke from 
cracking stills demands a tool that 
does a thorough job without damage 
to the tubes. Airetool Tube Cleaners 
will do the job better, faster and 
with a minimum of lost time. Avail- 
able in all sizes from 1.” to 24” 1.D. 
—for straight or bent tubes. Airetool 
motor is 28% more powerful; can be 
loaded down to 50 rpm without stall- 
ing. Write Dept. R today. for infor- 
mation. 



















Do You Have Your 
Copy of Airetool’s 
New Expander 
Bulletin? Write Now! 






AIRETOOL ““comeany™® 


Alretoo!l & Yost — Superior Factory Bidgs. 
SPRINGFIELD, OHIO 


A ae a 
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yeat ending in 1942, Petroleum prod- 
ucts represented $47,966,314 of this 
volume. It is further estimated that al] 
cooperative wholesales handled petro- 
leum products in 1942 amounting to 
655,000,000 gallons of refined petroleum 
fuels, 10,792,000 of lubricating oil, and 
12,929,000 pounds of grease. 

As early as 1934, three whole- 





_ sale associations operated their own oil 


compounding plants and_ laboratories, 
At the close of 1943, nine cooperative 
wholesales owned 10 refineries with an 
estimated daily capacity of more than 
46,000 barrels, hundreds of miles of 
pipe line, seven oil compounding plants, 
grease plants, and oil producing wells, 
The real pioneer in cooperative petro- 
leum production and refining was the 
Consumers Cooperative Association, of 
North Kansas City, Missouri. It or- 
ganized a subsidiary, the Cooperative 
Refinery Association, to construct the 
first cooperatively owned refinery in 
the United States at Phillipsburg, Kan- 
sas, in the year 1939. Operation of the 
3000-barrel refinery began in 1940. The 
refinery paid for itself in two years. 
Two additional subsidiaries, the Co- 
operative Oil Producing Association 
and the Cooperative Pipe Line Associa- 
tion, were organized to engage in oil 
exploration and production and to trans- 
port the oil to the refinery. These sub- 
sidies now own three refineries, 86/ 
miles of pipe line and 289 oil wells. 
CCA purchased the Terry Carpenter 
1500-barrel refinery at Scottsbluff, Ne 
braska, in 1942, at a cost of $750,000 












500-barrel plant at Coffeyville, Kansas, 
in 1943, ‘at a cost of $4,000,000. It also 
sponsored formation of National Co 
operative Refinery Association and, 
through it, owns a part interest in the 
former Globe Refinery. 



















Rapid Growth 


The association began operations m 
1929 with seven members and 
capital. At the end of 1943, its member 
ship had increased to 749 and its net 
worth to more than $2,800,000. Total 
sales amounted to $309,000 in 1929 and 
more than $15,000,000 in 1943. The 
majority of its present net worth repre 
sents profits retained in the capita 
structure. on 

At the end of 1942, cooperatives 
owned four refineries. In addition 
the two refineries owned by Consumers 
Cooperative Association, the Indiana 
Farm Bureau. Cooperative Association 
and the Farmers Union Central 
change of St. Paul had purchased @ 
3000-barrel plant and a 500-barrel plant Be. 
respectively. The former located at 
Mount Vernon, Indiana, and the latter 
at Laurel, Montana. 

In addition to purchase of the Globem 
Refinery by the National Cooperative 
Refinery Association about the midd 
of 1943, the following refinery pur 
chases were made during 1943: A tem 
finery with a 4500-barrel capacity was 
purchased by Midland ooperative 
Wholesale. Farmers Union Central B® 
change also entered the field of refining 
by the purchase of a_ million-dolla 
plant with capacity of 96,600 gallons 
gasoline per day. In addition, it pre 
duced codimer, a component used ™ 
aviation gasoline and synthetic rubber. 
Missouri Farmers Union bought @ 
petroleum refinery, 115 miles of pipe 
line, land and storage facilities for $32L- 

Consumers Refinery , Association 
purchased a 10 million-gallon oil Tt 
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“BUILT BY 
SOUTHWEST’ 


Pressure vessels of alloy steel, lined or clad 
to resist the corrosive action of modern 
refining processes, are a Southwest 
Specialty. That’s why more and more re- 


finery equipment is “built by Southwest.” 





SOUTHWEST WELDING & MANUFACTURING CO. MHAMBRA, CALIFORNIA 
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leum refinery, 270 oil wells, 768 miles 
of pipe line, and leases on 104,408 acres 
of oil land. These additions to its petro- 
leum facilities placed it close to the top 
as an independent refinery. 
Cooperators, beyond question, be- 
lieved that production offers the most 
profitable field of operations, and they 
fully intend to capitalize on the com- 
petitive advantage that they have over 
their tax-burdened opposition. Their 
spectacular entry into production and 
refinery operations in 1943 far over. 
shadowed other cooperative develop- 
ments of the year. : 
Furthermore, cooperators contend 
that they have merely scratched the 
surface and have not yet begun to ob- 
tain maximum economies resulting 
from these operations because their ac- 
quisition of refineries, pipe lines, and 
oil fields have been too recent a de. 
velopment. They contend and con- 
fidently expect “that in a matter of 
maybe 15 or 20 years they will become the 
biggest single factor:in the oil business 
. they point to savings of 1 cent a 
gallon in gasoline retailing, another ¥ 
cent in wholesaling, and 2% cents in 
producing and refining operations.” 





Local Petroleum Associations 


The first petroleum purchasing or 

WILL get READY distributing cooperative association 
made its appearance in Cottonwood, 

. Minnesota, in July of 1921. Since that 

& ey You date, the gas and oil cooperatives have 

expanded until — “Approximately 20 

percent of all petroleum fuels used on 
American farms during 1942 were pur- 
chased through farmers’ cooperatives.” 
Total retail distribution of gasoline 


Palmer facilities are almost wholly concentrated | and other petroleum fuels by coopera 
tive associations for the year 1942 has 


: been estimated at about 728 million gal- 
on war production. But when the needs of our fons, of which approximately 635 mt 
fighting forces are fulfilled, new advanced Palmer oe tau col diceeibetli 
i was estimated at 12,191,000 gallons and 
“Red-Reading-Mercury” Thermometers and Pal- grease at 14,365,000 pounds for the same 
period. Only about 10 percent of petro- 


mer Mercury-Actuated Recording Thermometers leum products distributed at retail by 
cooperatives is obtained through pri- 


; vate channels. The remainder is_pur- 
will be ready to go to work for you. And when you | vate channe Dib ge rier 

Bureau of Labor Statistics of United 
States cg S Labor estimates 
° +1: that th 1 iati fl- 
sturdiness and unfailing accuracy that has Siastiamamied in the diettibatiqaaa 
petroleum products in 1936, with 325, 


withstood the stress of fighting service and | 000 members and a business of $0) 
985,000, and in 1942 an estimated 140 


the shock of battle on land, on sea, and > comparable petroleum associations, with 
; 650,000 members and an annual bus 
ness of $197,000,000. 
i re ag has lg ep. coopefa- 
ino- hd a tives are influence y the same eco- 
ing-Mercury” feature has made Palmer cat nomic factors a aoe, enterprise vl 
: that they have prospere ispropor- 
one of America’s most popular and de- tionately as a result of the artificial 
: stimulants applied by a benevolent gov- 
pendable instruments. —— ernment. Exemption from income afd 
. excess profits taxes and business regu- 
PALMER latory pane together ie seen 
credit and special privileges, have ef 
MERCURY ACTUATED abled the petroleum cooperatives to ab- 
SUPERIOR RECORDING sorb many independent distributors and 


THERMOMETER refiners. 
With some semblance of competitive 
equality, the, petroleum industry cow 
offer little objection to the competition 
of cooperatives and should be able to 
compete successfully. It cannot, how- 
ever, pay its share of the high cost of 
war and at the same time, through taxa 
tion and many other competitive dis 
advantages, support its opposition. 





Reading 





buy a Palmer you can be sure of construction 


in the air. Palmer’s sure-sight ““Red-Read- 





Petroleum Refiner—V ol. 23, No./ July, ; 


‘ 





Morejpp « 
Than if MOA BATE MA) 


-Serve 
United Nations 
Alkylation Plants 


Ma hing 
Possible 


HIGHER YIELD 








HIGHER OCTANE 


and More 
Fighting 








FORD 
EERING 


CGR PORATION 


PETROLEUM REFINING ENGINEERS 
DIERKS BLDG. KANSAS CITY, MO. 


July, 1944—_A Gulf Publishing Company Publication 








ce P08 on odigrmeen 


. Association; J. B. 





Rathbone, Boyer Advance As Smith Joins 
Standard Oil Company (N. J.) Board 


Chester F. Smith. resigned as _presi- 
dent of Standard Oil Company of New 
Jersey to become a member of the 
board of directors of Standard Oil Com- 
pany (New Jersey); 
resigned as president of Standard Oil 
Company of Louisiana to become presi- 
dent of Standard Oil Company of New 
Jersey, and M. W. Boyer was named 
executive vice president of Standard Oil 
Company of Louisiana, in a shift of 
executive personnel of Standard Oil 
Company (New Jersey) and its. sub- 
sidiary companies which moved Eugene 
Holman to. the presidency of the parent 
organization replacing R. W. Gallagher, 
who becomes board chairman. Frank 
W. Abrams was made a vice president, 
and Jay E. Crane, treasurer, was made 
a director of the parent company. 

Smith joined the engineering depart- 
ment at Bayonne refinery in 1913 and 
has been president of the refining sub- 
sidiary since 1936. 

Rathbone has spent all of his 23 years 
of experience with Standard Oil Com- 
pany of Louisiana which he joined as 
a draftsman in 1921. He was born in 
1900 at Parkersburg, West Virginia, 
where his father was manager of a 
Standard Oil Company of New Jersey 
refinery, attended Lehigh University, 
and was a second lieutenant in World 
War I. He has been responsible for 
many of the innovations that have made 
the Baton Rouge refinery one of the 
largest integrated refining and petro- 
leum chemical plants in the world. 
Among other developments, this in- 








Nominations Made for 
Officials of CNGA 


Nominations for officials and direc- 
tors of California Natural Gasoline As- 
sociation were announced June 3 as a 
part of the program of the summer 
frolic program at Rio Hondo Country 
Club. Those nominated are: Clare D. 
Gard, assistant to the- manager of the 
gas department, Union Oil Company, 
president; Marion L. Arnold, superin- 
tendent of the gas department, Rich- 
field Oil Company, vice president. 

Nominations for directors are: M. L. 
Arnold, V. L. Cassa:ly, Lomita Gaso- 
line Company; D. A. Cushman and 
Oliver C. Field, O. C. Field Gasoline 
Company; A. Hegeman, Clark Brothers 
Company; W. H. Kraft, Honolulu Oil 
Corporation; E. A. Mc Allister, Western 
Gulf Oil Company; William Moeller, 
Jr., Southern California Gas Company; 
N. H. Mul!, The Texas Company; J. H. 
Sargeant, Kettleman Hills North Dome 
Taylor, Signal Oil 
& Gas Company; J. B. Wharton, Bel- 
ridge Oil Company; J. A. Campbell, 
J. A. Campbell Company; F. E. Coyle, 
Tide Water Associated Oil Company; 


F. F. Doyle, Pacific Gas & El&ctric 
Company; R. E. Foss, Barnsdali Oil 
Company; W. A. Kirk, California 
Southern Oil Company; R. S. Lytle, 


Los Nietos Petroleum Company; H. M. 
Paulsen, Bankline-Norwalk Company; 
George Sowards, Ohio Oil Company; 
G. C. McLaren, T. L. Taggart and D. 
M. Wolfe, Standard Oil Company of 
California. 
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cludes high-pressure hydrogenation for 


large-scale production of »100-octane 
gasoline blending agent and commercial 
production of butadiene and synthetic 
rubber from petroleum. 

Boyer was born in Muncie, Indiana, 
42 years ago, and has a master’s degree 
in chemical engineering from Massa- 
chusetts Institute of Technology. He 
started with Standard Oil Company of 
Louisiana on April 1, 1927, as chemical 
engineer in the research laboratory at 
Baton Rouge. In 1930“he became chief 
chemical engineer of the research labo- 
ratory, and in 1931 advanced to head of 
the technical division. He became gen- 
eral superintendent of the refinery in 
1933, and became assistant general 
manager of manufacturing upon election 
as a director of the company in 1935. 
He has been vice president and general 
manager since October 2, 1936, and as 
executive vice president continues as 
general manager of the manufacturing 
department. 

Gallagher, who came to the parent 
company from East Ohio Gas Com- 
pany in 1933, became chairman of the 
board in 1942 and was elected president 
in 1943 upon the death of W. S. Farish. 
He continues also as chairman of the 
executive committee. 

Holman joined Humble Oil & Refin- 
ing Company in 1919, and advanced to 
chief geologist before going to New 
York in 1929 as assistant to E. J. Sadler, 
then vice president. He became an 
executive of several foreign operating 
subsidiaries of Standard Oil Company 
(New Jersey) and vice president of the 
parent company in 1942, and a member 
of the executive committee in 1943. 

Crane came to the company in 1933 
as assistant treasurer and has_ been 
treasurer since 1936. ‘ 

Abrams has been a member of the 
board since 1940, having joined the 












































company’s refining division in 1914 and 
advancing to president ‘of Standard Oil 
Company of New Jersey before joining 
the parent company. ‘ 
William F. Thiede, general ‘super- 
intendent of the Bayonne refinery of 
Standard Oil Company of New Jersey, 
has been named assistant manager of 
that company’s New Jersey Works. 
Stanley A. Wuchter, assistant general 
superintendent of the Bayonne plant, 
-has been made general superintendent, 
and.George A. Esty, former process 
superintendent at the same plant, in [ 





turn, succeeds him as the new assistant 
general superintendent. 

The New Jersey Works, which in- 
cludes the Bayonne, Bayway and Eagle 
operations of the company, is headed 
by George H. Mettam, manager. 

Thiede started at Bayway plant in 
1912. In 1926 he was appointed assistant 
superintendent in charge of atmospheric 
distillation -and oil movements and stor- 
age, and was made assistant general 
superintendent in 1936. Two years later 
he was transferred to Bayonne as acting 
general superintendent, succeeding to 
the full title six months later. 

Wuchter began his association with 
the company December, 1920, in the 
general engineering department at Bay- 
way. In 1922 he was transferred to the 
Bayonne engineering group and five 
years later was made assistant master 
mechanic. Except for a year spent at 
Bayway as mechanical superintendent, 
he continued in the former position until 
1936 when he was made assistant to the 
general superintendent at Bayonne, be- 
coming assistant general superintendent 
in June, 1937. 

Esty, who has been process superin- 
tendent at Bayonne, joined the company 
in 1916. After two years in the Navy he 
returned to Bayonne in 1919 as foreman 
of the No. 3 refinery. In 1924 he was 
made foreman of the pitch plant and 
was transferred two years later to the 
No. 2 refinery. During 1927 he ‘spent 
several months as member of a com- 
pany committee engaged in standardiz- 
ing refinery operations. In 1928 he was 
made assistant process superintendent 
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Zz OR FLAKERS 
VACUUM 
EVAPORATORS 
Whether you need a complete new plant or merely rication—the Plate and Welding Division of Gen- 
one or two individual pieces of equipment, General eral American Transportation Corporation. 
American Process Equipment is geared to serve This amalgamation does far more than strengthen 
you—now. ... This organization is composed of each of our individual units. [t enables us to offer 
four outstanding manufacturers specializing in you a combination of engineering skills and manu- 
mixing, filtering, evaporating and drying of all - facturing facilities which we believe to be un- 
kinds. Our group is also associated with one of equaled in all America. Give us the opportunity 
the nation’s best-known specialists in welded fab- to prove it. Address: 


“GENERAL AMERICAN PROCESS EQUIPMENT 


A Division of 
7 marie GENERAL AMERICAN TRANSPORTATION CORPORATION 


Composed of: LOUISVILLE DRYING MACHINERY CO. @ THE TURBO-MIXER CORP. @ 
CONKEY FILTER COMPANY @ AMERICAN MACHINE COMPANY 


439 BAXTER AVENUE, LOUISVILLE 4, KENTUCKY 
New York . . . CHICAGO . . . Sharon, Pa. 
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and in May, 1931, process superinten- 
dent. He has continued in that position 
with the exception of two years, 1932 
to 1934, spent surveying operations in 
Sumatra and starting the Port Jerome 
refinery in France. 

Exceeding all previous records, 
Standard Oil Company (New Jersey)’s 
world-wide crude oil production and re- 
finery runs reached an all-time high 
during the first half of this year. Gal- 
lagher reported to stockholders at the 
meeting in New York, that today the 
company is averaging more than 840,000 
barrels of oil daily, about 18 percent 
more than the previous peak record of 
711,000 barrels in 1941. The company’s 
domestic units are responsible for most 
of the increase, yielding oil at a-rate 
60 percent higher than in 1941. 

For the first time in the company’s 
history, its world-wide refinery runs 
have topped 1,000,000 barrels daily. For 
the first quarter this year, the rate was 
1,026,152 barrels, or 13 percent beyond 
the previous high of 910,490 barrels, 
which was also in 1941. Domestic refin- 
eries show most of the increase. 


James A. Wilson Honored 
For Optical Test Discovery 


Honored as the discoverer of a new 
optical method for quickly determining 
the ingredients of aviation gasoline, 
synthetic rubber and TNT by the use 
of infrared light waves in 1942, James 
A. Wilson, a petroleum research worker 
in Esso- Laboratories, was presented 
with a gold medal and $500 cash award 
by Frank A. Howard, president of 
Standard Oil Development Company, 
at a ceremony at Bayway, May 27. 

Wilson, whose discovery reduces a 
complex and lengthy analysis to an al- 
most immediate calculation, was con- 
gratulated on his work by G. H. B. 
Davis, director of research of Standard 
Oil Development. Company, at the pres- 
entation ceremonies attended by execu- 


tives of the company and members of 
the technical departments. 

Narrow infrared beams to identify 
components of petroleum fractions 
which go into high-octane gasoline, 
toluene, butadiene and other war prod- 
ucts, have been used experimentally by 
the petroleum industry for the past 
three years. By passing beams of light 
of narrow infrared wave lengths 
through the samples being analyzed, it 
is possible to identify them. Lights of 
certain wave lengths are absorbed by 
the various ingredients in the sample. 
By recording the way in which light 
beams pass through the sample, the 
laboratories are able to tell which items 
are in the sample. 

Originally presented to the Coin- 
Your-Ideas committee of Standard Oil 
Development Company, Wilson’s in- 
vention brought an initial award of $25 
pending further study. By March, 1944, 
the potential value of the idea was 
realized. A supplemental award of $200 
was made and the idea recommended 
for consideration by the Central Coin- 
Your-Ideas committee of Standard Oil 
Company (New Jersey) and affiliates. 
The committee voted the $500 award. 


Kirkbride Joins Faculty of 
Texas A. & M. College 


C. G. Kirkbride has been appointed 
professor in the Department of Chemi- 
cal Engineering of the Agricultural & 
Mechanical College of Texas, College 
Station, Texas: He resigned from the 
research staff of Magnolia Petroleum 
Company, Dallas, in order to accept the 
appointment. 

His duties will include graduate in- 
struction in the chemical engineering 
field and the direction of research re- 
quired for both M. A. and Ph. D. de- 
grees. A considerable portion of his 
time also will be devoted to developing 
cooperative research projects: with in- 
dustrial organizations. 

In estimating the appointment, J. D. 


F. A. Howard, left, president of Standard Oil Development Company, James A. Wilson, and 

W. J. Sweeney, associate director, research division, of Esso Laboratories of Standard Oil Develop- 

ment Company. Wilson is being given a gold medal and $500 cash award for his discovery of an 
optical method for testing specialized petroleum ingredients. 
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C. G. KIRKBRIDE 


Lindsay, head of the department, said: 

“The appointment marks an expan- 
sion of the graduate program of the in- 
stitution. Professor Kirkbride has had 
many years of industrial experience. 
This includes process design and tech- 
nical service on most of the modern 
petroleum refining processes such as 
catalytic and thermal cracking, alkyla- 
tion, isomerization and polymerization. 
It makes him particularly well qualified 
to aid in the development of Texas’ re- 
sources through the application of 
chemical engineering.” 


Butylene Output Shifted 
From Rubber to Aviation Gas 


By diverting part of its butylene out- 
put from synthetic rubber to 100-octane 
gasoline, the refining industry made 
ready to produce an extra million bar- 
rels of aviation fuel during July and 
August, The shift followed frantic pleas 
from military authorities, which were 
relayed through the Office of Petro- 
leum Administration for War and finally 
a conference between military officials, 
PAW executives and _ representatives 
of the industry in Washington June 29. 

Following the conference Administra- 
tor Ickes assured the military with this 
statement: 

“The oil industry has never failed to 
deliver in this war and it will not fail 
to do even the impossible now.” 

William R. Boyd, chairman of PIWC 
added: 

“The industry will make good any 
check drawn upon it.” 

Previously Bradley Dewey, rubber 
director, had authorized diversion 0 
400,000 barrels of butylene from: buta- 
diene manufacture into alkylation prot 
essing. This with proper amount of bt- 
tane is calculated to make sufficient ab 
kylate for assuring 1,000,000 barrels ad 
ditional 100-octane’ gasoline. 

The diversion will end September } 
when “petroleum butadiene plants wi 
be returned to making ingredients fof 
synthetic rubber. Meanwhile Dewey 
gave the assurance that the cut backi 
butadiene will have no effect on finis 
rubber products, since manpower short 
age in making finished rubber goods § 
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WHERE THE SURROUNDING ELEMENTS 
ARE DESTRUCTIVE OR HAZARDOUS 






Eiyeemerosed fan-cooled 

fesigned to operate under ad- 

verse conditions in atmospheres that con- 
tain dust, dirt, abrasives, steel chips, filings, 
acid fumes, and other harmful elements. 


el-cage polyphase 

Wagner explosion-proof polyphase motors "% f dependably in 
are designed to operate in locations where locations wherel ject to splashing 
“flammable volatile liquids, highly flam- water, oil, or of They are widely 
mable gases, mixtures or other highly used in unproté locations, being 
flammable substances are handled or designed with cc brotection against 
manufactured, used or stored in other than rain, snow and 

original containers.”’ Approved by the 

Underwriters’ Laboratories for Class 

1, Group D hazardous locations. 


Wagner chemical-proof motors are of 
totally-enclosed, fan-cooled construc- 
tion and designed to resist the action 
ids, are moisture and other 

ats encountered in 


moisture. | Special 

plates and conduit ee, are pi 
removing any condensation from “th 
motor or conduit box. 


Write FOR BULLETINS MU-182 and MU-183 

Everyone interested in electric motors should have Wagner Bulletins 
MU-182 (Wagner Polyphase Motors) and MU-183 (Wagner Single-Phase, 
Direct-Current, and Small Polyphase Motors). Helpful information also will 
be found in Bulletin MU-26A (Instructions for Installing and Operating 
Wagner Polyphase Motors). 


Wagner Electric Corporation 


ere : 
6384 Plymouth Avenel St. Louis 14, Mo.,U. S. A. 
ELECTRICAL AND AUTOMOTIVE PRODUCTS 














such that the supply of crude synthetic 
is in excess of current requirements. 


The plants affected by the diversion 
of butylene from butadiene into aviation 
motor fuel are: Cities Service Refining 
Corporation, Lake Charles; Humble Oil 
& Refining Company, Baytown; Neches 
Butane Products Company, Port 
Neches; Phillips Petroleum Company, 
Borger; Shell Chemical Company, Tor- 
rance; Sinclair Refining Company, 
Houston; Standard Oil Company of 
Louisiana, Baton Rouge, 


Robert P. Patterson, undersecretary 
of war, said “100 octane aviation gaso- 
line is being consumed in unprecedented 
quantities and despite the fact that 
high-octane production is on its current 
schedule, we are under the necessity of 
stepping up shipments of this product 
to the fighting forces overseas.” 

Excellent flying weather and low re- 
sistance from the German air force 
were unofficially credited with con- 
tributing to the gasoline shortage in 
Europe. Because the combined air 
forces of the United Nations can fly 
and bomb almost at will, they are using 
abnormal amounts of motor fuel. 


Seriousness of the situation was evi- 
dent in mid-June when Bruce K. Brown, 
assistant deputy administrator, PAW, 
advised the industry as follows: 


“Cables from commanding generals 

in active theatres demand _ increased 
shipments of aviation gasoline. 
_ “The all-out air effort has resulted 
in serious reductions in combat theatre 
stocks, Army Air Forces, Royal Air 
Force and Navy are presenting most 
urgent pleas for immediate shipments 
above and beyond all previous esti- 
mates. It will be necessary to ship. up 
to 50 percent more fuel than previously 
estimated for consumption in some of 
the most active theatres in the next two 
or three months.” 


The conference in Washington be- 
tween oil-company executives, PAW 
officials and military personnel was an 
off-the-record affair, but it was in- 
timated that the program proposed 
building reserve supplies of 100-octane 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, Thirty-third, Federal 
and Dearborn Streets, Chicago, 
Illinois, has received urgent re- 
quests for the chemicals listed be- 
low. If anyone has one or more, 
even if only in one gram quanti- 
ties, please inform the registry. 
1-Amino undecane 
1-Amino tridecane 
Brom acetylene 
1,3-Cyclohexadiene 
Chlor maleic anhydride 
2-Decahydro naphthol 
2-Decalone 
2,3-Dimethy] butadiene-1,3 
7,8-Dihydroxy-1,4-naphthoquinone 
8-hydroxy-1,4-naphthoquinone 
Methyl phosphine 
Methyl azide 
Propyl fluoride 
Thio alcohols containing 8-18 car- 

bons, pri, sec. or tert. 
1,1,1-Trichlor acetone 
1,1,1,3-Tetrachlor acetone 
Vinyl monochlor acetate 
Vinyl trichlor acetate 
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gasoline to double previous estimates. 

Exact production figures on_ this 
asoline are not made public. In Texas 
City in June, however, Ralph K. Davies, 
deputy petroleum administrator, said 
that daily output would reach 500,000 
barrels daily by July 1. This output 
will be accomplished. with the construc- 
tion program for 100-octane gasoline 
but 80 percent completed, as reported 
by PAW June 30. Af that time 450 re- 
fining, natural-gasoline and cycling 
plants were contributing to this product. 

In the construction program in- 
stituted especially for 100-octane gaso- 
line, 150 units are in operation and 39 
will be completed later this year. A 
break-down of the program showed 56 
alkylation units completed and 13 build- 
ing; 26 isomerization units completed 
and 9 building; 26 fluid catalytic crack- 
ing units completed and 7 building; 10 
thermofor catalytic cracking units com- 
pleted and 6 building; 9 Houdry cata- 
lytic cracking units completed and 1 
building; 4 Houdry units revamped; 2 
hydrogenation units completed and two 
dehydrogenation units built and 15 mis- 
cellaneous units built and 1 building. 


Kightlinger Heads Gas 


Measurement Short Course 

Earl Kightlinger of Arkansas-Louis- 
iana Gas Company, Shreveport, was 
named chairman of the 1945 session of 
the Southwestern Gas Measurement 
Short Course, at the concluding session 
of the 1944 meeting at Norman, Okla- 
homa, early in June. Max Watson, the 
retiring chairman, becomes a member 
of the executive committee. W. H. 
Woods, Gulf Oil Corporation, Houston, 
was elected chairman of the practical 
methods committee. Proceedings of the 
1944 course will be distributed as a 
bulletin September 1. Total enrollment 
was 545, of which 80 percent were at- 
tending their first session of the course, 
indicating the number of new personnel 
engaged in gas measuring, and further 
intensifying the need for thé instruction 
to be had from this annual three-day 
training course. 





EARL KIGHTLINGER 








Robinson Heads Barber 


Manufacturing Department 

Barber Asphalt Corporation has an- 
nounced appointments of Phillip M., 
Robinson as general manager of its 
manufacturing department, and William 
L, Kallman as general manager of its 
sales department. 

Robinson is a chemical engineer who 
worked for Gulf Refining Company and 
for Pennzoil Company between 1922 
and 1940. In December, .1940, he joined 


P. M. ROBINSON 


the National Defense Advisory Com- 
mission as Assistant to Dr. R. E. Wil- 
son, head of the Petroleum Division, 
and later became acting director of re- 
fining in the Petroleum Administration 
for War. In April, 1943, he resigned to 
become assistant to the vice president 
in Charge of Manufacturing for South- 
port Petroleum Company to direct con- 
struction and operation of a large 100- 
octane gasoline plant at Texas City, 
Texas. 

Kallman graduated from Yale in 1916 
and studied law at Columbia Univer- 
sity. He was a captain of field artillery, 
serving overseas, in the first World 
War and has been associated with The 
Texas Company ever since, filling all 
positions in the sales department from 
stenographer and salesman to Eastern 
sales manager. For the past two years, 
he has beem on loan to the Petroleum 
Industry Committee as executive sec- 
retary to the supplies and distribution 
committee. 

While Barber Asphalt Corporation at 
present is engaged in various war ac- 
tivities, its operations normally include 
asphalt from Trindad, petroleum refin- 
ing at Barber, New Jersey, and min- 
ing of gilsonite in Utah. 


Frame Heads PAW 
Refining Division 


A. P. Frame, vice president of Cities 
Service Refining Corporation, Lake 
Charles, has been appointed Director 0 
Refining,’ Petroleum Administration for 
War. His selection fills the place hel 
from December 1942 until June 1944 by 
E. D. Cumming, who has resumed his 
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Keep dirt, scale and foreign matter 
away from the delicately adjusted work- 
ing parts of traps, pumps, pressure regu- 
lators, air motors and valves with Edward 
forged steel strainers. 

For steam, oil or vapor service up to 
600 lb at 850 F or for hydraulic service 
up to 1440 lb at 100 F, Edward strainers 
may be installed in either horizontal or 
vertical lines. 

Extremely easy to clean, Edward strain- 
ers may be blown out simply by removing 
the drain plug, or they may be disas- 
sembled quickly with ordinary tools to 
remove and clean the Monel strainer 
screen. Functionally designed, they have 
few working parts. 


1 Forged steel body with streamlined internal 
body contours for free flow and minimum 

pressure drop. 

4 Rustproof Monel metal perforated screen to 
withstand severe abrasive service, carefully 

fitted to prevent leakage of foreign matter around 

or under screen. 

3 Steel union ring and bonnet make tight con- 
nection with body and hold screen firmly in 

place. Drain plug easily removed to clean out 

accumulated matter. Built in 14 in. to 2 in. sizes 

with screwed or socket ends. Write for Edward 


BETTER VALVES Catalog No. 101. 


THE EDWARD VALVE & MFG. CO., INC. 
2 W. 145th STREET © EAST CHICAGO, IND. 
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A. P, FRAME 


duties as vice president of Shell Oil 
Company, New York. 

Frame has taken leave from his duties 
at the new plant of his company in 
order to fill the post at Washington. 
For the past two years he has been in 
charge of construction ofthe facilities 
at Lake Charles. 

He is a native of Wallace, Nova 
Scotia, and a graduate of Dalhousie 
University, Halifax, in 1921. .Three 
years later he joined Cities Service 
group as plant engineer for Empire Oil 
Refining Company, Okmulgee, Okla- 
homa. From 1927 to 1928 he was en- 
gineer of the refining department of this 
company with headquarters at Tulsa. 
In 1928 he went to the Petty’s Island 
plant of Crew-Levick Company, where 
he was superintendent until 1938. 

He was assistant director of refining 
for Cities Service Refining Corporation 
from September 1938 until July 1942, 
when he became chief engineer as well 
as vice president, and supervised con- 
struction of the Lake Charles plant. 


Sebastian Joins Research 


Staff of Gas Institute 


Dr. John J. S. Sebastian has been 
appointed to the research staff of the 
Institute of Gas Technology at Illinois 
Institute of Technology, as associate 
supervisor of coal and gasification re- 
search. He will be in. general charge of 
research on fluidized gas generation, 
upgrading of low Btu gas, and related 
projects. 

€ was research associate in the coal 
research department at Carnegie In- 
stitute of Technology 11 years. Earlier 
in his career he worked as research en- 
ineer for the Koppers Company at 
ellon Institute, Pittsburgh, and as as- 
sistant chief chemist for the Interlake 
Iron Corporation, Chicago. Immedi- 
ately prior to his appointment, he was 
general manager of the Balsam Mining 
and Manufacturing Company. 

Dr. Sebastian is a graduate of the 
Royal Polytechnic Institute of Buda- 
pest, and received his doctor of science 
degree at Carnegie Institute of Tech- 
nology. 
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PAW Inquiry Indicates Interest in Plant — 
Construction Beyond War Emergency Period 


Through its division of refining, the 
Petroleum Administration for War is 
seeking to learn the extent. of plant ex- 
pansion and rehabilitation when ma- 
terials again are available. The letter to 
all refiners from E. D. Cuming, Direc- 
tor of Refining, makes no promises and 
sets no dates. It simply gives each re- 
finer opportunity to make known what 
he would like to do in construction and 
rehabilitation. 

Among the suggestions is that fur- 
ther expansion be through private capi- 
tal and without the assistance of ac- 
celerated tax amortization or promise 
by government to buy~ output. 

The letter follows: 

“Up to the present time the refining 
industry has been essentially restricted 
to new construction work which repre- 
sented the barest minimum which would 
achieve the end of supplying the most 
critical war products. This policy has 
been necessitated by the extreme de- 
mands for construction materials and 
construction labor which the war placed 
on the country’s economy. 

“As the present 100-octane construc- 
tion program is rapidly nearing com- 
pletion, it.has been becoming more ap- 
parent that at some time in the future 
a relaxation in the use of construction 
materials might be feasible. To that end 
the refining division of the. Petroleum 
Administration for War believes that a 
concrete program of desired refinery 
construction should be available; so as 
to take immediate advantage of any 
such possible relaxation by the War 
Production Board. 

“The types of new construction pro- 
jects which appear particularly ad- 
vantageous to us at the present time 
include the following: 

“1. Installation of new facilities which 
will produce higher yields of better 
quality refined products from a barrel 
of crude. This should include the con- 
struction of new facilities for improved 
or more efficient production of critical 
war products as a back-up for possible 
requirements as well as other less 
urgently needed war products and other 
essential civilian and industrial prod- 
ucts. Special attention is directed to the 
installation of new facilities which could 
(a) be applied, either directly or with 
subsequent additions, to the production 
of increased 100-octane quantities or 
improved qualities; (b) produce addi- 
tional highly refined lubricating oils; 
and (c) furnish additional refined or 
semi-refined product storage capacity. 

“2. The adaptation of refinery facili- 
ties to processing additional high-sulfur 
erude, so as to take advantage of-the 
only presently assured source of addi- 
tional readily available crude supply. 

“3. The installation of research and 
development facilities, looking forward 
to a more efficient utilization of the 
known crude supplies and the produc- 
tion of better quality end products. 

“4. The installation of more efficient 
utilities and service units as_ replace- 
ments of or additions to present over- 
taxed or antiquated facilities. 

“We would like to have you give 
serious consideration to this and other 
types of supplementary refinery con- 
struction programs and, at your earliest 


convenience, submit a short descriptive 
proposal outlining the type of facilities 
which appear advantageous to your 
company and to the refining industry. 
Such an outline should include: 

“1. Location and a brief description 
of the facilities. 

“2, Estimated total cost. 

“3. Effect of such facilities on crude 
oil and other charge stock requirements 
and on product yields and qualities. 

“4. Advantage of such facilities from 
standpoint of war products. 

“5. Advantage of such facilities from 
standpoint of contribution to civilian 
economy during the war. 

“6. Advantage of such facilities from 
postwar standpoint. 

“We believe that such a supplemen- 
tary refinery-construction program 
should necessarily be limited to pro- 
jects which would be constructed en- 
tirely with private capital and without 
any government obligation to under. 
write any investment through the ac- 
celerated tax amortization procedures 
or to purchase any products. 

“We would like to have the above 
preliminary information, regardless of 
whether or not you have a priority ap- 
plication on file. Submission of such in- 
formation will not bind you to under- 
take. construction and-the information 
submitted will be regarded as con- 
fidential. 

“When and if a supplementary pro- 
gram of this type is adopted we expect 
to give first consideration, as to projects 
of a given type, to those which were 
first submitted in up-to-date detail, in- 
cluding a PAW Form 30 application. 
We wish to emphasize that projects, to 
be so considered, will be restricted to 
those which have been soundly and 
carefully estimated. 

“In closing we would like to em- 
phasize that this is an approach to a 
problem which we believe the refining 
industry should be prepared for, but it 
does not reflect any definite promise as 
to the time when such a program could 
be fully initiated. Your cooperation is 
appreciated.” 


Hopper Heads Refining 
Operations for Union 


Basil Hopper and Sam Grinsfelder 
have been elected vice presidents of the 
Union Oil Company of California. 

Long identified with the manufactur- 
ing operations of the company, Hopper 
first became associated with _ the 
company June 18, 1923, and has served 
in the company’s research and develop- 
ment departments, as well as in manv- 
facturing operations at the companys 
three refineries. He studied chemical 
engineering at the University of Calt- 
fornia, finishing at the California Instr 
tute of Technology in 1923. As vice 
president he is in charge of all mant- 
facturing of the company. 

Grinsfeldet joined Union Oil Com 
pany as assistant geologist of the Rocky 
Mountain divisior, in 1922, In 1927 he 
went to Texas as assistant manager % 
that division, returning to Los Angeles 
in 1931, where he held various positions 
in the field department. In 1939 he te 
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turned to. Texas as manager of field 
operations, which job was expaided to 
cover all Gulf operations in 1943, He 
will continue to direct the work in 
Texas, Louisiana, Florida, Mississippi 


3 BR = & Valves and Alabama. 


Installed in No Priority Is Needed 
Cities Service New Plant For Resale of Equipment 


Amending Preference Rating Order 
P-98-c, covering materials redistribution 
L a k e Cha aC La ; program No, 2, to conform with chang- 
/ ing material requirements, PAW offi- 
cials have emphasized that oil operators 
do not need—and should not use— 
priority ratings to purchase either new 
or used equipment from another oper- 
ator or from a supplier acting as an in- 
termediary in the resale of equipment, 
The amended order, issued by WPB, 
is designed to correct an impression 
among some suppliers that surplus 
materials purchased from one operator 
could not be resoid to another operator 
unless the latter had an allotment num- 
ber, symbol or priority rating. 


Collins Heads District 1 


Appointment of J. D. Collins, vice 
president in charge of sales for Tide 
Water Associated Oil Company, as di- 








This new 100-octane gasoline and butadiene 


plant, now operating deasphalting, desalting, rector in charge for District 1, succeed- 
‘ ° . : . ing H. W. Dodge, was announced 
topping and cracking units, will produce daily June 5 by PAW. 
enough high-octane gasoline to power a raid of Collins has had. considerable expe- 
are : rience with PAW problems as a mem- 
1000 bombing planes b phe Germany. Butadiene ber of the District 1 distribution and 
for more than 12 million synthetic rubber tires marketing committee. 


will be turned out each year. 

R-S Butterfly Valves are a “natural” wherever 
simplified and quick control or shut-off of volume 
and pressure are required. (Remember that four 
to six revolutions of the handwheel completely 
open or close an R-S valve vane.) 

A typical example of the R-S valves installed in 
the plant is this special 36-inch valve with weld- 
ing end. It has a chrome-moly vane, carbon-moly 
body, alloy shafts and bushings, finned lubricated 
stuffing box and is powered by hydraulic cylinder 
with positioner. The auxiliary heavy-duty hand- 
wheel control is equipped with self-locking 
worm and gear. Declutching 
unit permits manual operation 
in case of power failure. 

Ask for Catalog. 





Perry Superintendent of Two 
Louisiana Gasoline Plants 


R. E. Perry, formerly with Cotton 
Valley Operators’ Committee, Cotton 
Valley, Louisiana, has been appointed 
general superintendent of Glen Rose 
Gasoline Company’s plant at Rodessa, 
Louisiana, and of Claiborne Gasoline 
Company’s plant at Lisbon, Louisiana, 
according to an announcement made by 
Paul M. Raigorodsky, manager of the 
companies. Perry has opened the com- 
panies’ office in the First National Bank 
Building, Shreveport. 
































15 to 900 psi 











VALVE DIVISION 


R-S PRODUCTS CORPORATION 


120 Berkley Street . Philadelphia 44, Penna. 
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FOAMGLAS* 














\" Portland Cement Plaster 
Masonry Wall - 


CORKBOARD 
for highest insu- 


lating efficiency 








ARMSTRONG ANNOUNCES A NEW 
LOW-TEMPERATURE CONSTRUCTION 


ju panaranthy high insulating ffi 


NEW type of low-tem- 

perature insulation con- 
struction that is positively 
and permanently sealed 
against moisture infiltration 
has now been developed by 
Armstrong. It combines Arm- 
strong’s Corkboard with 
Foamglas and‘ takes advan- 
tage of the best properties of 
both insulations. 


It is essentially standard 
corkboard construction with 
the addition of an outer shell 
of Foamglas to perform the 
sealing function. 


Foamglas is well equipped 
to do this job since it is glass 


in foamed or cellular form 
with each tiny cell completely 
isolated from adjoining cells. 
Hence the material is abso- 
lutely moistureproof, vapor- 
proof, and fireproof. 


toh Meme £°)-2, 4) 


, pan . 
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Foamglas| fi | Corkboard 
nee aie TE 


POSITIVE | ft =.7j) HIGH 
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SEAL | Sf. || EFFICIENCY 


1iSelating 
Efficiency 


Worm Side. ”  - Cold Side 





The use of Foamglas in the 
construction thus fortifies the 
natural moisture resistance 
of corkboard and supplements 
its well-recognized high ther- 
mal efficiency. The construc- 
tion assures permanently high 
operating efficiency. 

FOR COMPLETE IN- 
FORMATION about this new 
construction—including engi- 
neering drawings and erection 
specifications—write today to 
Armstrong Cork Company, 
Building Materials 
Div., 7507 Concord @® 
St., Lancaster, Pa. <&% 


*Foamglas—Reg. U. S. Pat. Off. Product 
Mfg. by Pittsburgh Corning Corp. 








Cork Covering 
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DIGEST OF UNITED 


On the Recovery and Processing of Natural Gas and Its Constituents and on 





the Hydrocarbon Synthesis 
Compiled by HEINZ HEINEMANN 


STATES PATENTS 











Recovery of Selected Con- 
stituents from Natural Gas 
U.S.P. 2,242,173. Method for Recover- 


ing Liquids from Gases. S. E. Buck- 
ley to Standard Oil Development 
Company. 


A method of recovering desirable 
liquefiable constituents from natural gas 
which is initially at high pressure 
within the retrograde-condensation 
range of said constituents is claimed, 
which comprises cooling the gas suf- 
ficiently to condense said constituents 
while ‘reducing said high pressure sub- 
stantially only within the retrograde- 
condensation range of said constituents 
at the reduced temperature, and sep- 
arating the resulting condensed con- 
stituents from uncondensed gas. 


U.S.P. 2,258,015. Separating Hydrocar- 
bon Fluids. P. C. Keith, Jr, L. R. 
Hill and G,. J. Robertson. 

A gaseous mixture containing lique- 
fiable hydrocarbons is cooled to a rela- 
tively low temperature, but not below 
the freezing point of water to condense 
and remove water. The mixture is then 
contacted with a drying agent to re- 
move all remaining water and then 
further cooled to liquefy a portion of 
the hydrocarbons which is withdrawn. 
The cold gases are used in heat ex- 
change with the incoming mixture. 


U.S.P. 2,262,201 and 2,262,202. Natural 
Gasoline /.bsorption and Distillation 
System. E. G. Ragatz and D. E. Mc- 
Faddin to: Union Oil Company of 
California. 

Natural Gas is contacted with ab- 
sorption oil, producing an absorption- 
oil solution containing natural gasoline 
and fixed gases. A portion of this is 
heated, introduced into a fractionating 
column and the vapors countercur- 
rently contacted with the other por- 
tion of the fat absorption oil. The de- 
sirable natural-gasoline vapors are con- 
densed and the fixed gases withdrawn 
overhead. 


U.S.P. 2,272,503. Contacting Device for 
High-Pressure A tion, G. S. Bays 
to Stanolind Oil & Gas Company. 
An apparatus for the absorption of 

gases such as hydrocarbons from wells 

under high pressure is described. 


U.S.P. 2,273,412. Method of Recover- 
ing Hydrocarbons. G. W. McCul- 
lough to Phillips Petroleum Com- 
pany. C. A. 36,3937 
An arrangement of apparatus is de- 

scribed and a process employed for ex- 

tracting heavier constituents from a 

mixture of gases by selective absorp- 

tion, which involves introducing absor- 
bent oil tu an absorber, bringing the 
gas into contact with the absorbent oil 
therein, steam distilling the resulting 
enriched absorbent oil,. passing the 
vaporous effluent of the distilling step 
in contact with water to dephlegmate 
it to condense fractions having boiling 
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points higher than water, separating 
the resulting condensate of the dephleg- 
mating step from the water and passing 
the condensate to the absorber at a 
point below that at which the absorbent 
oil is introduced. 


U.S.P. 2,284,112. Method of Treating 
Well Fluids. J. P. Walker and E. V. 
Foran to Eureca Process Corpora- 
tion. 

A method for recovering liquefiable 
hydrocarbons from well products by 
condensation while preventing hydrate 
formation is described. 


U.S.P. 2,284,973. Recovery of Gasoline 
from Natural Gas. W. C. Dayhuff 
and J. E. Laurance to Standard Oil 
Company of California. 

Gasoline constituents are recovered 
from natural gas containing such con- 
stituents as well as substantial propor- 
tions of lower-boiling hydrocarbons, by 
passing the natural gas to a liquid ab- 
sorption medium, absorbing gasoline 
constituents contained in the naturai 
gas in the absorption medium, treating 
the absorption medium to cause the 
vaporization of substantially all of the 
gasoline constituents absorbed therein 
as well as some of the lighter fractions 
of the absorption medium, passing the 
vapors to a zone of partial condensa- 
tion wherein the vaporized portions of 
the absorption medium and a minimum 
amount of heavier vaporized gasoline 
fractions are condensed, the uncon- 
densed gasoline constituents being 
passed overhead and separately re- 
covered, and treating the condensed 
absorption oil and heavier gasoline 
fractions, apart from the main body of 
the absorption medium and _ gasoline 
constituents, to separate the condensed 
absorption medium and heavier gaso- 
line fractions. 


U.S.P. 2,295,211. Process of Selectively 
Recovering Desirable Constituents of 
Natural Gas. J. L. Hill to Danciger 
Oil & Refineries, Inc. 

Liquefiable constituents: of natural 
gas are recovered according to the in- 
vention at high pressure, permitting re- 
turn of the lean gas to the producing 
horizon without or with only little re- 
pressuring. The gas is preheated and 
passed to a fractionating zone, where it 
is scrubbed with a liquid consisting of 
heavier condensable components of the 
gas while maintaining the zone under 
substantially the well pressure of the 
gas. 


U.S.P. 2,306,553. Natural Gas Condi- 
tioning Process. B. Miller to Cities 
Service Oil Company. 

Liquefiable hydrocarbons are re- 
moved from natural gas by condensa- 
tion effected by refrigerating the gas, 
expanding it from a high pressure 
within the retrograde-condensation 
range to a pressure suitable for pipe- 
line transportation below the retro- 
grade-condensation range. In the next 








step, liquid is separated and the gas 
further expanded to the desired trans- 
portation pressure in heat exchange 
with fresh gas. 


U.S.P. 2,320,616. Stabilization. L. Kniel 
and A. H. Schutte to The Lumnus 
Company. 

A vaporous hydrocarbon mixture is 
subjected to a plurality of partial con- 
densation stages maintained at progres- 
sively lower temperatures. 


U.S.P. 2,324,954, Refining of Mineral 
Oils. W. H. Rupp to Standard Oil 
Development Company. 

An improved process for recovering 
and separating into narrow fractions a 
hydrocarbon mixture of ' low-boiling 
and readily condensable components 
from a mixture thereof with non-con- 
densible components is claimed which 
comprises absorbing the low-boiling 
readily-condensable components along 
with some non-condensable components 
in an absorption oil in a primary ab- 
sorption zone, separating the rich oil 
into two fractions, stripping the ab- 
sorbed components completely from 
One portion thereof in a primary strip- 
ping zone and returning that portion 
directly to the absorption zone, reab- 
sorbing and concentrating the stripped 
components in the second portion of 
the rich absorption oil under fractionat- 
ing conditions, whereby the desired 
low-boiling readily-condensable com- 
ponents are vaporized therefrom, frac- 
tionating the desired absorbed com- 
ponents into narrow cuts while in the 
presence of the absorption oil, recover- 
ing the second portion of the absorp- 
tion oil free from absorbed components 
and returning the same to the primary 
absorption zone. 


U.S.P. 2,330,676. Method of Separating 
Liquid from Gas. S. E. Buckley to 
Standard Oil Development Company. 
Distillate contained in natural gas at 

pressure in excess of 1500 pounds per 

square inch is recovered by passing the 
gas while maintaining it at its pressure 
into contact with a liquid hydrocarbon 
derivative containing a group. capable 
of solubilizing the hydrocarbon in 
water. The solvent must be relatively 
low boiling and contain an OH, O, or 

NH: group such as methylalcohol and 

acetone. 


Inhibition of Gas 
Hydrate Formation 


U.S.P. 2,266,981. Inhibiting Formation 
of Natural Gas Hydrates. B. Miller 
to Cities Service Oil Company. . 
A water-soluble volatile fluid with- 

out injurious.effects upon the materials 

of the pipe line is added to natural gas 
in amounts sufficient to lower the water 
vapor concentration of the gas below 
the critical value for hydrate formation 
at the lowest temperature and highest 
pressure of the line. A monohydric ali-: 
phatic alcohol such as methanol is 4 
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Forged Steel Screw End and Socket Welding Pipe Fittings are 
made by Watson-Stillman in a full line of Elbows, Tees, Crosses, 
Laterals, Couplings, Reducers, Bushings, Caps, Plugs and Unions 
for standard or extra heavy pipe lines. All W-S Fittings have 
uniform wall thickness, maximum wall strength and uniform 
material characteristics specified and controlled by W-S Engi- 
neers. Ask for Bulletin A-3. 


For use on standard and extra heavy pipe lines, Watson-Stillman 
supplies bronze or forged steel Globe Valves, Stop Valves, Angle 
Valves, Needle Valves and Check Valves of standard types in a 
wide range of sizes, for screwed, socket welding and flanged con- 
nections. Ask for Bulletin A-4. 


Watson-Stillman builds standard hydraulic jacks in Independent 
Pump, Vertical Outside Pump, and Horizontal Outside Pump 
types. Capacities of 10 to 500 tons. Used by shipyards, contractors, 
builders, drydock and wrecking companies, machine shops and 
oil drillers. Ask for Bulletin 710-A. 


For operating jacks, small hydraulic tools, and general testing — 


purposes, Watson-Stillman manufactures Single Plunger and 
Double Plunger Hand Pumps with large, medium and small 
tanks. Ask for Bulletin 240-A. 


On all sorts of construction and maintenance jobs, Watson- 
Stillman Wire Rope Shears are time-saving equipment. Also 
suitable for cutting iron bars and rods. Ask for Bulletin 740-A. 


For quality at no extra cost specify Watson-Stillman 
when you sell fittings, valves, jacks, pumps and 
shears. The Watson-Stillman Co., Roselle, N. J. 
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Why risk damage to tube cleaners 
and hose by kinking the hose to 
control the air. A Roto Operating 
Air Valve, attached to the tube 
cleaner motor, enables the operator 
to control the air safely, entirely 
by himself. This inexpensive valve 
speeds up tube cleaning and re- 
leases a helper for other work. Our 
complete line of modern, efficient 
tube cleaners will meet practically 


every requirement. Write. 


io. Don’t risk damage 
to tube cleaners @& 
and hose 


Ss 


Kinking tube cleaner hose 
to shut off air is poor 
practice at any time, 
especially now, when 
hose is a critical mate- 
rial. Besides ruining the 
hose, small hose parti- 
cles may peel off and 
clog the motor. 








A DIVISION OF ELLIOTT COMPANY 
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suitable agent when employed in quan- 
tities of 2 to. 10 pounds per million 
cubic feet of gas. 


U.S.P. 2,293,901. Activated Adsorbent 
and Its Treatment. A. J. L. Hutchin- 
son to Fluor Corporation, Ltd. 
Hydrocarbon gases such as natural 

gas are dehydrated by contacting the 








-gas with porous adsorptive material 


capable of. acquiring combined water 
from the gas, such as hydrates of 
alumina or silica. The material is pro- 
vided with a protecting coating which 
prevents access to pore surfaces of the 
material of poisoning constituents of 
the gas, such as polymers, while per- 
mitting ready passage of moisture. Or- 
ganic substances like gelatin, soaps, 
starch and glycogen provide desirable 
coatings. 





Eheuitea! Treatment of 
Natural Gas and Its 


Constituents 
U.S.P. 2,213,444. Cyclic Process for the 

Production of Nitroparaffins. K. 

Johnson to Commercial Solvents Cor- 

poration. 

A cyclic process for the nitration of 
lower alkanes in which the nitrating 
agent is nitric acid vapor or nitrogen 
dioxide, and in which unreacted lower © 
alkane in the gaseous reaction prod- = 
ucts is recovered and recycled, involves™ 
removing lower nitro alkanes from the™ 
gaseous mixture comprising lower ni-§ 
troalkanes, aldehydes and ketones re-} 
sulting from the action of the nitrating” 
agents on lower alkanes and subjecting 
the remaining gases to contact with 
a mineral-acid salt of hydroxylamine? 
which is capable of absorbing alde-| 
hydes and ketones. 






















U.S.P. 2,258,511. Method of Producing 
Hydrogenated Liquid Hydrocarbon 
Products. R. Lepestre to Applied 7 
Chemicals, Inc. 

Motor fuels and lubricating oils are 
obtained from natural gas by introduc- 
ing natural gas and superheated steam 7 
under a pressure of more than 5000™ 
pounds and at a temperature of 1000 
1100° F., into a chamber and contact- 7 
ing the heated mixture with a catalyst 
consisting of an oxide of an iron group | 


U.S.P. 2,270,779. Process of Oxidizing 
A Hydrocarbon. E. Berl to Berl 
Chemical Corporation. ; 
An exothermically oxidizable hydro-7 

carbon such as methane is partially” 

oxidized (to formaldehyde) in the va- 
por phase, using air in the presence of 
an anti-knock agent (tetraethyl lead? 
iron pentacarbonyl, iodine), constitu) 
ing from 0.005 to 0.5 percent of the 
total volume of the reactants and of @ 
metal oxidation catalyst such as finely” 
divided iron oxide. 


U.S.P. 2,280,928. Chlorination of Me- 
thane. P. F. Pie, Jr., to Darco Cor- 
poration. C.A. 36, 5484. 

A mixture of methane and chloride 
is passed through a contact mass con- 
taining a catalyst for the chlorination 
reaction of relatively low heat conduc- 
tivity such as activated carbon, and 4 
diluent such as graphite, of relatively 
high heat conductivity, the gases, in 
their passage through the contact mass, 
coming into contact with portions of 
the mass having progressively increas- 
ing catalytic activity by use of a pro- 
gressively increasing proportion of cata- 
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. Grouped in dozens, the giant pressure ves- 


sels shown here play an important part in 


producing an annual output of 80,000 tons - 


of butadiene. 

They were built and supplied as part of a 
construction miracle which telescoped a ten 
years’ job into two. Backing them is B&W's 
first-hand knowledge of process equipment 
requirements—a knowledge based on ex- 
perience in making pressure vessels for 
toluene and high octane gasoline as well as 
for butadiene production . . . in making 
catalyst cases . . . separately fired high- 
temperature and high-pressure superheaters 
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BABCOCK & WILCOX 


THE BABCOCK & WILCOX COMPANY 
" 85 LIBERTY STREET, NEW YORK 6, N. Y. 


for butadiene . . . alloy furnace castings for 
various processes .. . fired and waste-heat 
boilers for butadiene . . . and other process 
equipment needed to produce ingredients 
of Victory. 

This experience, coupled with unequalled 
fabrication facilities was the reason for the 
selection of B&W to construct heavy process 
equipment for another headline-making 
plant that is creating synthetic rubber history. 

The B&W engineering personnel are al- 
ways available for consultation on any of 
your process equipment requirements. Feel 
free to call on them. 
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200 Ib. S.P. Bronze 
**RENEWO”’ 


Plug Type 










200 Ib. S.P. Bronze 
“RENEWO"’ 


Regular Type 


Here’s how 
Interchangeability 
Speeds Maintenance 


All parts of the valves above (except bodies and bon- 
net rings) fit each other perfectly. If, for example, you 
need a stem, disc or seat ring for the “Renewo”, you 
can use the corresponding part of the “Ferrenewo” 
—it is exactly the same. This means fewer parts and 
speedier repairs. 


LUNKENHEIMER VALVES 














lyst and a progressively decreasing pro- 
portion of diluent, 


U.S.P.. 2,291,345. Hydrocarbon Nitra- 
tion. O. W. Rideout to Hercules Pow- 
der Company. 

Methane and nitric acid vapors are 
contacted for 1 second at 375° or for 
0.005 seconds at 550° to produce nitro- 
methane. In addition to 6-14 percent of 
nitric acid vapor and 35 percent or less 
of methane, an inert gas acting as a 
diluent should be present in the reaction 
zone. 


U.S.P. 2,322,989. Process of Making 
Carbon Black and Mixtures of Carbon 
Monoxide from Hydrocarbon Gases. 
W. D. Wilcox to Oil and Gas Re- 
search, Inc. 

A hydrocarbon gas to which has been 
added less than one half its volume of 
CO: is dissociated in a dissociation 
chamber at 2800-3000° F. The result- 
ing gas mixture and the carbon particles 
not retained within the chamber are 
separated. Carbon dioxide in a volume 
which together with the amount of CO; 
previously used will total one half of 
the volume of hydrocarbon gas is then 
admitted to the chamber and reacts 
with the carbon to form carbon mon- 
oxide which is added to the gas mix- 
ture. 


Hydrocarbon Synthesis from 
Carbon Monoxide and 
Hydrogen 


U.S.P. 2,257,074. Manufacture of Hie 
Antiknock Hydrocarbons. A. R. 
Goldsby to The Texas Company. 
Carbon monoxide and hydrogen are 

catalytically converted to a hydrocarbon 

mixture rich in olefins and part of the 
olefins are then contacted with iso- 
butane in an alkylation zone. 


U.S.P. 2,257,293. Manufacture of Hydro- 
carbons. H. Dreyfus. 

Carbon monoxide and steam are 
passed over a catalytic mass adapted to 
produce CO. and H: from the mixture 
and to catalyze the reduction of carbon 
monoxide with hydrogen. First contact 
of the gas mixture with the catalyst 
occurs at 400-500° C. and while the 
steam content is maintained, the mix- 
ture is then contacted with the catalyst 
at 150-250° C: Metallic catalysts like 
nickel and cobalt are efficient for the 
reaction. 


U.S.P. 2,257,457. Production of Aliphatic 
Hydrocarbons. F. Fischer and H 
Pichler to Hydrocarbon Synthesis 
Corporation. 

An iron catalyst used for the conver- 
sion of carbon monoxide and hydrogen 
to aliphatic solid, liquid or readily lique- 
fiable hydrocarbons under an operating 
pressure of 2 to 200 atmospheres and at 
temperatures of 220-320° C. is activated 
bya preliminary treatment, in the course 
of which a mixture of CO and H is 
passed over the catalyst at a tempera- 
ture of about 240° C. and under much 
lower pressure than the operating pres- 
sure subsequently employed. 


U.S.P. 2,261,184. Process of Producing 
Hydrocarbons from Carbon Monoxide 
and Hydrogen. O. Roelen and W. 
Feist to Hydrocarbons Synthesis Cor- 
poration. 

Catalysts such as cobalt, nickel or iron 
for the hydrocarbon synthesis from car- 
bon monoxide and hydrogen are pre- 
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Monel wire cloth in vent check valves 
still good after 10 years’ service 


What can be accomplished by simple, practical design 
coupled with use of the right metal is well illustrated 
by these inverted vent check valves. 

The diagram shows their uncomplicated, fool-proof 
construction. Note that the valves are equipped with 
hollow floats and seat rings of Monel, and safety 
screens of Monel wire cloth. 

Aboard the M.S. “City of New York,” the Monel 
wire cloth in these check valves has 
given satisfactory service for 10 years. 

Here are the reasons: 
1 Monel wire cloth is exceptionally 
strong, tough and hard. 


2 It is immune to rust, and remarkably 
resistant to the corrosive action of sea 
air and salt water. 


4, Its surfaces remain smooth, thus as- 
suring freedom from clogging. 


Among corrosion-resisting wire cloths of 
comparable high strength, Monel wire 
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AgATHING SALT AIR 





Monel wire cloth screens as used in vent check 
valves. Backing screen is 4-mesh, 0.047 inch 
diameter wire; finc screen 40-mesh, 0.0095 
inch diameter wire. Made from Monel wire 
cloth produced by Newark Wire Cloth Com- 
pany, Newark, N. J. ~* 


cloth is lowest in cost. Today it is produced by prom- 
inent weavers in all commercial weaves, meshes and 
widths for essential war and maintenance needs. To- 
morrow cloth made from Monel, Nickel and Inconel 
will be available for peacetime use. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. ‘ 


Inverted vent check valves in use aboard M.S. “City of 
New York.” 


Diagram shows simple, positive action:’ A Monel ball 
float rests on a Monel screen. Air can freely enter or 
leave the vent pipe until the valve is submerged... 
when the float rises and makes a perfect seal with the 
ball valve seat. Use of fine mesh wire also prevents 
flame from igniting interior gases. ; 
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WeldOlets are available in 
three types—with Welding 
Outlet, Threaded Outiet (illus- 
trated at right) and Socket 
Outlet. Stock fittings are drop 
forged steel. Also available 
in Monel, Everdur, Toncan 
iron, Wrought Iron, etc. 































Here's the simple way to 
ee 
install branch pipe outlets 





@ On this piping installation the three branch pipe outlets 
were installed quickly and easily by the WeldOlet method. 
The elimination of any templates or the need for any cutting, 


forming or fitting, speeded and simplified the installation. 


These drop forged fittings reinforce the junction so that the 
original strength of the main pipe is maintained. In addition, 
the extra large funnel-shaped opening, in the fittings where 
they join the pipe, cuts pressure loss and reduces turbulence 
and friction. The WeldOlet method is speedy and low in cost 
for both size to size or reducing branch pipe outlets. Size to 
size and reducing sizes are available from %" to 12”. For 


complete information write for Branch Pipe Outlet Catalog WT31. 


Forged Fittings Division 
Bonney Forge & Tool Works - 346 Green St. - Allentown, Pa. 
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WELDING OUTLET-THREADED OUTLET 
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a rac heny from their salt solutions with 
alkaline reacting agents and applied to 
pretreated carrier substances such as 
kieselguhr which have been heated to 
render them insoluble, so as to prevent 
soluble components from entering the 
solution from which_ precipitation is 
effected. 


U.S.P. 2,266,161. Process for Reacting 
Hydrogen and Oxides of Carbon. 
D. L. Campbell and F. T. Barr to 
Standard Oil Development Company. 
C.A. 36, 2272. 

Synthesis gases comprising hydrogen 
and oxides of carbon and containing 
therein a powdered catalyst are passed 
through a reaction zone, under tempera- 
ture and pressure conditions adapted to 
cause the oxides of carbon and hydro- 
gen to react, removing exothermic heat 
of reaction immediately as it is formed 
along the path of the flowing gases in 
the reaction zone through the walls of 
the reaction zone by circulating a cool- 
ing medium within the walls of the 
reaction zone. 


U.S.P. 2,271,259. Process for Synthezis- 
ing Hydrocarbons. W. Herbert to 
American Lurgi Company. 

A process is employed for the con- 
version of carbon monoxide and hy- 
drogen into hydrocarbons with catalysts 
adapted to form benzine oil and paraffin 
under atmospheric pressure, the cata- 
lysts being arranged in a contact cham- 
ber adapted. to maintain a desired re- 
action temperature therein which in- 
volves maintaining a temperature above 
150° but below the temperature required 
for the exclusive formation of methane 
with the catalysts, maintaining a velocity 
of gas flow in contact with the catalysts 
above one normal liter per hour per 
gram of hydrogenating metal in the 
catalysts and adjusting the pressure of 
the gas to a pressure above atmospheric 
and sufficient that the time the gases 
remain in contact with the catalysts is 
more than 45 seconds. Such catalysts 
as cobalt, thorium oxide and kieselguhr 
may be used. 


U.S.P. 2,274,639. Process for the Pro- 
duction of. Hydrocarbons. A. Scheuer- 
mann, K. Meisenheimer and A. Kotz- 
schmar to Standard Catalytic Com- 
pany. 

Carbon monoxide and hydrogen are 
converted to hydrocarbons in the pres- 
ence of cobalt-containing catalysts in 
the preparation of which a reducible 
cobalt compound is gradually precipi- 
tated at room temperature from a solu- 
tion of a cobalt salt over a period of 
more than three hours. Carbon mon- 
oxide and hydrogen are passed over 
the catalyst at 160-250° C. and, when 
producing the preferred product of low- 
boiling liquid hydrocarbons, up to 2 
atmospheres, when producing the pre- 
ferred product of solid hydrocarbons 
5-50 atmospheres of pressure are em- 
ployed. 


U.S.P. 2,276,274. Method of Synthezis- 
ing Hydrocarbons. P. C. Keith, Jr. to 
The M. W. Kellogg Company. 

A method employing an excess of car- 
bon monoxide with respect to hydrogen, 
involves heating a mixture of carbon 
monoxide and hydrogen to a synthezis- 
ing temperature, bringing the. heate 
mixture into contact with a hydrogena- 
tion catalyst in a synthesis zone, sep- 
arating unreacted gases to obtain 4 


‘fraction predominating in carbon mon- 


oxide and admixing at least a part 0 
this fraction with the carbon monoxide 
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Ade Production ‘round the clock . . . without 
attention and without stoppages . . . for months on end, is : 
characteristic of dependable High Efficiency WILFLEY | 
pumps. It’s an officiate based on bold pioneering, con- | 


tinuous, never-ending research and world-wide experi- 





ence in engineering. It keeps the WILFLEY pump right 
at the top in PERFORMANCE when it comes to handling 


sands, slimes and slurries. Heavy pumping parts of rub- 


ating ine 


ber, alloy iron, alloy steel . . . individually engineered to 


suit your particular problem. Wedte for complete details. 


A. R. WILFLEY & SONS, INC. 


Denver, Colorado 


NEW YORK OFFICE: 1775 BROADWAY, NEW YORK CITY 





No one TRING ic cotmindncr, to 


one thing is more essential to civilization than 
fire. Once man by tedious trial had discovered 
that fire made him a metal worker, the art of 
manufacture was established. Countless as are 
the continuing necessities of fire in industry, 
hone is more pronounced than its application 
to petroleum processing. The design and con- 
struction of heaters for hydrocarbons is a 
specialty in which Alcorn pioneered 20 years 
ago. Research, engineering skill and experi- 
ence in dealing with the many different con- 
ditions and new techniques of the industry 
qualify Alcorn for consultation on any heat- 
ing problem. Alcorn heaters result in con- 
trolled, efficient, economical operation wher- 


ever installed. 


ALCORN 


Combustion Company 





SCHAFF BUILDING, PHILADELPHIA 
Los Angeles + Houston - San Francisco 














and hydrogen being fed to the synthesis 
zone to maintain the desired excess of 
carbon monoxide over hydrogen during 
the ‘synthesis. 






U.S.P. 2,279,052. Production of Hydro- 
carbons. W. Michael and E. Planth to 
Standard Catalytic Company. 


A process for the synthesis of hydro- 
carbons with more than one C atom 
per mol and contingently minor amounts 
of from liquid to solid oxygen eontain- 
ing derivatives such as alcohols is de- 
scribed, which involves returning to the 
reaction space gases which have already 
been subjected to the reaction, the vol- 
ume of the gases returned per unit of 
time being at least 20 times that of the 
fresh gas introduced in the same unit of 
time. 








U.S.P. 2,286,814. Manufacture of Motor 
Fuel. L. C. Kemp to The Texas Com- 
pany. 

A mixture of carbon monoxide and 
hydrogen is converted into synthetic 
hydrocarbons in the presence of a 
catalyst consisting essentially of cobalt, 
kieselguhr and small amounts of 
thorium and magnesium oxides at a 
temperature of about 330-392° F. and 
under low pressure. The gaseous hydro- 
carbons obtained are then subjected to 
isomerization and alkylation processes. 


U.S.P. 2,287,092. Synthesis of Hydro- 
carbons. F. Duftschmid, E. Linckh 
and F. Winkler to Standard Catalytic 
Company. 


A process for the catalytic conversion 
of carbon monoxide and hydrogen into 
hydrocarbons containing more than one 
C atom per mol while contained in a 








hydrocarbon oil is claimed, which com- 


| prises passing the said hydrocarbon oil 


| through the catalyst chamber, and there- 


along the catalyst chamber in indirect 
heat-exchange relation with the reaction 
participants introduced into and passing 


upon passing the said oil through the 
catalyst chamber in the same direction 
as the reaction participants. 


U.S.P. 2,287,891. Production of Hydro- 
carbons and Their Derivatives from 
Mixtures of Hydrogen and Oxides of 
Carbon. E. Linckh to Standard Cata- 
lytic Company. 

Mixtures of carbon monoxide and hy- 
drogen are converted into hydrocarbons 
containing more than one C atom per 
mol by contacting them at 150-500° C. 
and atmospheric or elevated pressure 
with a catalyst obtained by treating 
fused ferrosoferric oxide with a reduc- 
ing gas at 300-850° C. The ferrosoferric to | 





oxide may contain a substance selected the: 
from the group consisting of compounds but 

| of titanium and silicon. ‘. 
| U.S.P. 2,296,405. Production of Hydro- ff 4. 
| carbons. A. Scheuermann and E. x 
Marecek to The Alien Property Cus- ve 
todian. ups 
Good yields of solid and liquid hydro- the 





carbon products are obtained in the con- 
version of carbon monoxide and hy- 
drogen when employing catalysts con- 
taining iron and nickel compounds which 
have been prepared by slowly precipi- 
tating reducible iron and nickel com- 
pounds from a solution of salts of said 
metals at ‘a temperature of 40° C. or 
below and preferably at a temperature 
of below 30° C., while maintaining a pH 
value of not less than 8 in the solution 
during precipitation. The precipitation 
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Round-the-clock operation of oil refineries, chemical plants, steam plants, etc., essential 
to the continuous flow of war products to the United Nations, is all in the day's work for 
these fittings. Today, as in peacetime, Vogt drop forged steel fittings make a major contri- 
bution to the efficient functioning of pipe lines in plants vital to the war effort. 


Shocks and stresses imposed by high pressures and high temperatures are taken in their 
stride because Vogt fittings are uniform in structure, fine grained, and free from porosity 
... the superior product of laboratory controlled matorials and giant forging hammers and 
upsetters. These properties also give higher resistance to erosive and corrosive conditions, 
thereby adding to service life expectancy. | 


Vogt Ells, Tees, Crosses, etc., are forged from carbon steel or various alloys to meet specific 
operating conditions. Catalog F-8 will aid you in their selection and proper application. 


HENRY VOGT MACHINE CO., Inc., LOUISVILLE 10, KY. 


BRANCH OFFICES: NEW YORK «+ PHILADELPHIA + CLEVELAND + CHICAGO «+ ODALLAS 
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Mun SABOTEUR 


camouflage as sludge... 





What look like mere accumu- 
lations of mud or sludge in your 
process water system, may ac- 
tually be caused by growths of 
slime, which cause needless 


power losses. 

Not only do the growths at- 
tach themselves to the inside of 
pipelines and condenser tubes 


and seriously hamper the flow | 


of water and heat transfer, but 
they entrap particles of dirt and 
rust to form mud-like masses. 

It is not necessary, however, to 
tolerate such conditions with re- 


y «OF RRS ES 


sultant handicaps in production, 
nor to waste time in shut-downs 
for mechanical cleaning jobs. 
Wallace & Tiernan Chlori- 
nation Methods will thoroughly 
protect your plant against such 
microsabotage by destroying 
slime-forming organisms—clear- 
ing out growths already present 
and preventing their recurrence, 
without loss of production time. 
Let Wallace, & Tiernan Engi- 
neers suggest the most practical 
way to solve your particular de- 


sliming problem. cb-7 






























should take more than 3 hours and pre- 
ferably 12 hours or more. 


U.S.P. 2,318,602. Synthesis of Hydro- 
carbons. F. Duftschmid, E. Linckh 
and F, Winkler to Standard Catalytic 
Company. 

Carbon monoxide and hydrogen are 
catalytically converted into hydrocar- 
bons with more than one C atom per 
mol in the presence of fixed catalysts by 
a process which comprises continuously 
circulating through the reaction space, 
co-currently with the reaction gas, a 
liquid medium preheated to about the 
desired reaction temperature, injecting 
into the reacticn zone at spaced points 
along the passage of the said gases addi- 
tional regulated amounts of the same 
liquid medium at temperatures sub-: 
stantially below said reaction tempera- 
ture so as to maintain the temperature 
throughout the reaction space within 
the resired limits and employing as the 
liquid medium an oil obtained by a 
previous conversion. This oil should 
contain a considerable amount of con- 
stituents which are gaseous or vaporous 
under the reaction conditions. 


U.S.P. 2,318,626. Production of Products 
Rich in Unsaturated Hydrocarbons. 
M. Pier and E. Donath to The Alien 
Property Custodian. 

Products rich in unsaturated hydro- 
carbons can be obtained from the cata- 
lytic conversion of carbon monoxide 
and hydrogen in the gas phase at at- 
mospheric or slightly increased pressure, 
by charging gas mixtures which con- 
tain less than two parts by volume of 
hydrogen for each part by volume of 
carbon monoxide and. adding further 
hydrogen in the course of the reaction. 
The total amount of hydrogen used 
should correspond to two parts by 
volume of hydrogen for each part by 
volume of carbon monoxide. 


More Pressure Tank Cars 
Provided by New Program 


Inauguration of a $3,500,000 program 
to add 1000 cars to the present total of 
3282 pressure-type tank cars, to meet 
increasing demand for various petro- 
leum products and particularly an ur- 
gent need for more equipment to trans- 
port liquefied petroleum gases, was an- 
nounced June 21 by the Office of De- 
fense Transportation. The War Depart- 
ment would build 400 new high-pres- 
sure type cars and convert 600 standard 
tank cars of 10,000-gallon capacity to 
low-pressure type equipment. 

There. is growing need for_equip- 
ment because of the invasion of Europe, 
and deliveries are scheduled to start 
next October and be completed. before 
December 31. 

“The War and Navy Departments 
desperately need every gallon of fight- 
ing-grade aviation gasoline that can 
possibly be produced,” ODT Director 
J. Monroe Johnson said in announcing 
the program. “The Office of the Rub- 
ber Director and the Rubber Reserve 
Company also desire increased quanti- 
ties of butylene feed stocks for the 
manufacture of synthetic rubber. 

“In addition to supplying all trans- 
portation requirements for 100-octane 
aviation gasoline and synthetic rubber 
feed stocks, the demand. for cars to 
move liquefied petroleum gases must 
also be met. Many war plants, ship 
yards, war housing projects, essential 
manufacturing plants, Army camps, 
home heating plants, etc., are depend- 
ent upon this material.” 
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‘B&W MAKES BOTH 
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steel tubing commercially back in 1922, it has 
continued to pioneer important improvements 
in tubing for high temperature, high pressure, 
oxidation and corrosion-resistant services. Day 
in day out in B&W large, complete tube lab- 
oratories, engineers and technicians-are dili- 
gently and constantly searching for better 
alloys or how to improve present alloys that 
will extend the life, reduce maintenance, and 
increase dependability of tubing in refineries, 
synthetic rubber plants and chemical plants. 


ae SO 


a 





Today B&W seamless tubing is available in 
a complete range of alloy steels. That means 
there's a B&W tube for any refinery need. 

Improvements being made in seamless tub- 
ing at B&W are available for both your pres- 
ent and future requirements. More and more 
tube users are taking advantage of B&W tube 
eng:neering and production facilities these 
days. Reason is B&W is in position to match 
tubes to jobs without prejudice toward any 
type. By bringing your tube problems to B&W 
you also centralize your purchasing problems. 
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;&W TUBES 


SEAMLESS. Complete range of carbon and alloy 
steels. Sizes: 1/2 in. to 85% in. O.D. 


ELECTRIC-Resistance Welded Carbon grades. 
Sizes: 34 in. fo-4 in. O.D. 
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Seamless Tube Division 
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Welded Tube Division 


Alliance, Ohio 


TA-1300 


cary 


185 


oe 
























TIN EMS NET eS CO ST AE RN pepe eee ne mane gers imma eee ee 


RT 
















PETROLEUM REFINER 
by 


THE LESLIE LABORATORIES 
Traver Road. Ann Arbor. Mich. 


under the supervision of 
DR. E. H. LESLIE and DR. H. B. COATS 


SCIENCE AND TECHNOLOGY 


Abstracts prepared in cooperation with the 








The abstracts here presented are selected from the current literature of science and 
technology to afford.reference to fundamental information not easily available to all readers. 
Abstracts of articles appearing in readily obtainable trade journals are not included. 

Photostat copies of original articles will be supplied at cost by the Leslie Laboratories. 
Complete or limited bibliographies covering special topics by title, by abstracts, or in com- 
plete manuscript, will also be prepared and furnished at reasonable cost by the Laboratories. 














Fundamental Physical 
And Chemical Data 


The Variation of the Viscosity of 
Gases and Vapors with Temperature. 
W. Licut, Jr, anp D. G. STECHERT. J. 
Phys. Chem. 48 (1944) pp. 23-47. 


Experimental iata are given for the 
variation in the coefficient of viscosity 
with temperature for 24 gases arid 
vapors at atmospheric presSure. The 
authors find that except for hydrogen 
and heiium, Sutherland’s equation re- 
produces the data with an average error 
of less than 1 percent over the range 
of measurement. Trautz’s equation fits 
for hydrogen and helium as well as for 
the other gases, with an error of ap- 
proximately 1 percent. Other equations 
are less satisfactory or more difficult to 
use. Methods for the evaluation of the 
constants in the various 2-constant equa- 
tions are developed and_ tables of con- 
stants are given. Only 2 points on the 
viscosity-temperature curve are neces- 
sary for the calculation of the entire 
curve. A general viscosity-temperature 
equation is proposed for estimating the 
viscosity when no experimental data are 
available. The data required are critical 
temperature, critical pressure, molecular 
weight of the gas, and in general the 
experimental results are reproduced 
within 2 to 10 percent. A nomograph 
is given for the evaluation of viscosity 
based on this equation. 


Thermodynamic Properties of Ethyl- 
ene. R. York AND E. F. Wuite. Trans. 
Amer. Inst. Chem. Engr. 40 (1944) pp. 
227-250. 


The increasing use of lighter hydro- 
carbons in the process industries justifies 
the evaluation of their basic thermo- 
dynamic properties, enthalpy and en- 
tropy. The literature covering the physi- 
cal properties of ethylene is reviewed in 
a critical manner and the best values of 
boiling point, critical constant, vapor 
pressure, volumes of saturated liquid and 
saturated vapor, enthalpy of vaporiza- 
tion, heat capacity of superheated vapor, 

-V-T relationships of the  super- 
heated vapor, ndrmal density, enthalpy 
of superheated vapor and entropy of 
superheated vapor are chosen. In order 
to present the properties in a useful 
chart it was decided to construct a 
pressure-enthalpy diagram with lines of 
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constant volume, temperature, and en- 
tropy. A chart of the pressure-enthalpy 
relationship for ethylene is included. The 
physical data are presented in some de- 
tail in tabular form. A bibliography of 
28 references is included. 


Chemical Compositions 


And Reactions 

n-Nonatriacontane. E. STENHAGEN AND 
B. Tactstrom. Jour. Amer. Chem. Soc. 66 
(1944) pp. 845-6. 


During some attempts to mono-alky- 
late acetone dicarboxylic ester (diethyl 
B-ketoglutarate) with octadecyl iodide, 
the dialkylated ester was also formed as 
a by-product, and this, after hydrolysis 
and decarboxylation yielded nonatria- 
contanone-20. Reduction of this latter 
compound. gave n-nonatriacontane.. An 
alkyl halide having n carbon atoms thus 
yields a hydrocarbon with 2n+- 3 carbon 
atoms. After three crystallizations from 
benzene the melting point of the hydro- 
carbon was 80.0-80.2° C. The carbon hy- 
drogen analysis agrees very closely with 
the formula CH». 


The Thermal Decomposition of Sub- 
stituted Cyclohexenes. F. O. Rice AND 
Mary T. Murpnuy. Jour. Amer. Chem. 


Soc. 66 (1944) pp. 765-7. 


When cyclohexene is heated above its 
decomposition point, at low pressures 
and for a time sufficiently short that 
only a small part is decomposed, it 
undergoes a simple dissociation into 
smaller molecules. The principle govern- 
ing reactions of this type is that that 
reaction is favored that involves as little 
motion of the atoms as possible in pass- 
ing from the old to the new configura- 
tion, and further, that that reaction will 
be favored tliat involves least change of 
the electronic configuration of .the re- 
acting system. In the case of cyclo- 
hexene almost a theoretical yield of 
butadiene and ethylene is formed, as 
would be predicted. The thermal de- 
composition of a number of substituted 
cyclohexenes was studied in the ex- 
pectation that they would follow the 
pattern of the cyclohexene decomposi- 
tion and yield sabstituted butadiene and 
ethylene. This was found to be true for 
l-methyl, 3-vinyl and 1-phenyl cyclo- 
hexene. In the case of ethylcyclohexene, 
the expected ethylbutadiene was not de- 


tected. Dipentene gave, as was to be ex- 
pected, a high yield of isoprene. On the 
other hand, 3-p-menthene gave a high 
yield of propylene but no isopropyl- 
butadiene could be found. The results 
of the experimental work are presented 
in tabuiar form, and the methods by 
which the data were obtained are de- 
scribed. 

Reaction of Benzene with Butadiene 
in the Presence of Sulfuric Acid and 
Hydrogen Fluoride Catalysts. V. N. 
IpATIEFF, H. PINES AND R. E. ScHAap. 
Jour. Amer. Chem Soc. 66 (1944) pp. 
816-17. 

The reaction between benzene and 
butadiene in the presence of sulfuric 
acid and of hydrogen fluoride as catalyst 
was studied in the hope that products 
might be obtained that would be valu- 
able in synthetic work. To favor the re- 
action with benzene and to decrease 
polymerization of butadiene, a large ex- 
cess of benzene was used in the reaction 
mixture. The hydrocarbon of lowest 
boiling point obtained was 1,2-dipheny]- 
butane, formed by the reaction of two 
molecules of benzene with one of buta- 
diene. The laboratory procedure used in 
the work is described in some detail. 


Manufacture: 


Processes and Plant 

Heat Transfer. Conduction, Radiation 
and Convection. H. J. Storver. Chem. & 
Met. Engr. 51 (1944) pp. 98-107. 


The author reviews the processes of 
transmission of heat by conduction, 
radiation and convection, and considers 
film coefficients in relation to overall 
coefficients of heat transmission. Tables 
and nomographs are presented, by means 
of which film coefficients for a number 
of fluids under various conditions can 
be quickiy determined. Twenty-four dif- 
ferent cases are considered. The applica- 
tion of dimensional analysis to the cal- 
culation of the film coefficient is briefly 
discussed, 


Equipment for Heat Transfer and 


Heat Application. M. . SCHWARZ. 
Chem. & Met. Engr. 51 (1944) pp. 120-131. 


Almost every processing operation 1n- 
volves some form of heat transfer, and 
the types of equipment required are 
most varied. The author considers ap- 
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* |... to separate and recover H.S and CO, effectively! 
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ita- During the twelve years since the GIRBOTOL PROCESS 
hen was originated by The Girdler Corporation’s Gas Processes 
Division, more than 150 plants have been engineered by 
Girdler. It is only natural that Girdler, with its solid foun- 
dation of practical installation experience, should be 
best qualified for the job of engineering and building 
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& : GIRBOTOL plants for separation and recovery of H,S and 

CO, in the natural gas and refinery fields. 
of In addition to unequalled development and construction 
on, experience, The Girdler Corporation offers its GIRBOTOL 
aa ' plant operators the added advantage of an invaluable 
fa ° . ope 
Sea laboratory test service keyed to their specific product and 
ans problem — together with a recommendation for the most 
ber efficient and economical operation of the GIRBOTOL 
1 PROCESS plant at any time. y 
ca- Girdler offers other processes for gas manufacture, purification, . 
al- separation and dehydration . . . Consult us on your problems 
fly a concerning hydrogen sulfide, carbon dioxide, carbon monoxide, 
4 natural gas, refinery gases, liquid hydrocarbons, hydrogen, nitrogen. 
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Modern tube cleaners 
for all modern refinery 
tube-cleaning needs in- 
cluding special clean- 
ers for certain unusual 
kinds of deposits pe- 


evliar to refineries. 


THOMAS C. 


WILSON 
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for every 
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Inc. 


21-11 44th AVENUE, LONG ISLAND CITY 1, NEW YORK 
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paratus for heating or cooling liquids, 
heating or cooling gases, heating or 
cooling solids, for the. distillation of 
liquids, for the sublimation of solids, for 
the evaporation of liquids, for drying 
solids and liquids, for condensing vapors, 
for fusing solids, and for freezing liquids. 
The article includes 80 diagrams of dif- 
ferent types of equipment, with brief de- 
scription and discussion. 


Heat and Cold, Production and Ap- © 
plication for Processes. W. J. SHore. 
Chem. & Met. Engr. 51 (1944) pp. 109-117, 


The author divides the ranges of 
temperature in which heat is transferred 
into the refrigeration range, from room 
temperature down to the melting point 
of helium, the range of organic process- 
ing, from room temperature up to per- = 
haps 900° F., and the range of inorganic 7 
processing, from 600-900° F. up to the 7 
highest temperatures attainable. Heat ab- © 
straction or production means for these 7 
temperature ranges are briefly discussed. 7 
Flame temperature, flame radiation, 
combustion space, and volume are con- 
sidered in relation to furnace design. Ap- ~ 
plication of electric heat is briefly con- 
sidered. Cooling processes, including © 
evaporative cooling and refrigeration, 7 
are briefly discussed. Types of ‘heat 
transfer equipment, including those for 4 
submerged combustion, are briefly re- 7 
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Unsteady State Heat Transfer to 
Liquids in Tanks. R. E. CHADpOcCK AND 
M. T. SAanpvers. Trans. Amer. Inst. Chem. 
Engr. 40 (1944) pp. 203-210. 


The authors give exact derivations of 
the equations that can be used in several 
types of unsteady state heat transfer 
problems. Typical applications are the 
heating or cooling of batches of liquids 
in agitated tanks equipped with a coil 
surface, or in a tank combined with an 
external heat exchanger. The modifica- 
tion of the equation for the case in 
which heat of reaction must be removed, 
as well as sensible heat, is. indicated. 


Annular Heat Transfer Coefficients 
for Turbulent Flow. E. L. McMILLen 
AND R. E. Larson. Trans. Amer. Inst. % 
Chem. Engr. 40 (1944) pp. 177-202. 


Heat transfer in a double-pipe ex- 
changer of four passes having different 
annular spaces was studied using water 
as the heating or cooling medium. The 
usual plot of 1/U: vs. 1/G** to determine 
the constant total resistance due to pipe 7 
wall and film of the heating fluid was 7 
found to be more accurate if the effect ~ 
of variation in film viscosity of the an- 
nular fluid was included. Annular film 
coefficients can thus be determined from 
measurement of terminal temperatures 
and flow rates of both fluids at a series 
of increasing annular flow rates. The 
Colburn equation j= (h:/CG) (Cu#/k) i 
provides a better correlation of the an- 
nular heating and cooling data for_nar- 
row annular spaces than does the Davis 
equation. Use of the Colburn “j” func- 
tion may eliminate the need for the 
D2/D1 term included in previous an- 
nular film coefficient equations. The data 
taken in the course of the work are pre- 
sented im detail in tabular and graphical 
form. The proper numerical coefficients 
for annular film coefficient equations of 
the Colburn and Davis types are given, 
which are applicable at Reynolds num- 
bers (D:G/z#) above 10,000. At lower | 
Reynolds numbers film coefficients aré 
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N all kinds of steam heated equipment and steam mains | 
throughout refineries, both indoors and outside exposed to 
the elements, you will find Yarway Impulse Traps on the job. } 

These steam traps are “NATURALS” for refinery service— 
have been purchased by the thousands by some oil companies. 

The advantages of standardizing on Yarway Impulse Traps 
are important both to plant operation and maintenance. 

First—These traps are good for all pressures within a wide | 
range without change of valve or seat—permitting a great 
reduction in inventory of spare traps and parts. 

Second—They speed up heating up and keep equipment hotter 
because they provide continuous discharge on heavy condensate 
loads, quickly clearing lines of water and air, and intermittent 
discharge on light loads, keeping them free of condensate. 

Third—Their simple design with only one moving part, a j 
little valve, makes them trouble-free—easy to maintain. 

Fourth—Their Jow price often makes it cheaper to install a 
new Yarway than to repair an ordinary trap. 

Ask your mill supply dealer or write for Catalog T-1737. 


-YARNALL-WARING COMPANY 
128 Mermaid Ave. ° °: Philadelphia 
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ON THE 


“SWING SHIFT” 
And Around the Cock... 


Time means nothing to a finely engineered, 
sturdily built and properly installed Layne 
Well Water System. Throughout the twenty- 
four hours of each day it must be in perfect 


-—and thoroughly dependable working order. 


A sudden water failure could bring disaster. 


Layne Well Water Systems—thanks to more 
than sixty years of world-wide experience, 
are as near failure proof as human skill, man- 
ufacturing honesty and quality materials can 
make mechanical equipment. Even the metals 
used in contact with the water are varied to 
assure longer life where corrosive conditions 
are encountered. 


In addition to sturdiness in build and qual- 
ity of materials used, Layne Well Water Sys- 
tems and Layne Vertical Turbine Pumps are 
famous for their high efficiency. Such effi- 
ciency effects substantial savings each year. 


To get all that you expect and must have 
in a dependable and long lasting water sys- 
tem, and to eliminate worry of failure, always 
choose a Layne Well Water System. Fully 
illustrated literature may be obtained by ad- 
dressing Layne & Bowler, Inc., General Of- 
fices, Memphis 8. Tennessee. 


e-Atiantic Co., Norfolk, 
Layne-Central v "Co. Memphis. Tenn 

Layne- -Northern Co., Mishawaka, Ind. * as. 
aan <e-- >< Lake || Charlies, La. * Louisiana 
Well Co. * Layne-New York Co., 
New York “age “Layne- -Northwest Co., Mil- 
yaukee, 1 jayne, hio Co.,. Columbus. O vio 
Co., ae: ‘Texas * Layne- 


Stattwart, A Sag rom Layne-Arkansas Co., 
* 


yn 
Western co o. * Layne-Western 


oO. eke 
Co. of Minnesota, Minneapolis. Minn. * Interna 
tional Water Supply Ltd., London, Ontario, Canada 


Bis 


WELL WATER SYSTEMS 
DEEP WELL PUMPS 


BUILDERS OF WELL WATER SYSTEMS 
FOR INDUSTRIES AND MUNICIPALITIES 











higher hes correspond to these equa- 
tions. 


Film Coefficients for the Condensation 
of Vapors. R. F. BeNENATI AND D. F. 
Otrumer. Chem. & Met. Engr. 51 (1944) 
pp. 107-9. 


A parrallei-scale nomograph for de- 
termining film coefficients of condensing 
vapors is presented. The equation on 
which the nomograph is based is given. 
The equation fits physical data within 
their probable errors, and because of the 
large number of vapors considered the 
equation is regarded as general and can 
be used with reasonable ‘probability of 
accuracy for vapors where experimental 
data are not known. 


Countercurrent Absorption in Non- 
Aqueous Systems. W. F. Gross Anp C. 
W. Simmons. Trans. Amer. Inst. Chem. 
Engr. 40 (1944) pp. 121-141. 


The absorption of the vapors of ben- 
zene, trichlorethylene, and chloroform 
by kerosene was studied in a 1-foot di- 
ameter column packed with,1l-inch Berl 
saddles. According to the two-film 
theory of gas absorption developed by 
Whitman and others, the over-all ab- 
sorption coefficient can be related to 
the gas rate by the empirical relation 

K,a = aGA 
for cases of absorption of, a vapor that 
is very soluble in the solvent. Kea is 
the over-all coefficient expressed as (Ib. 


| moles)/(hr.)(cu. ft.) (atm.) and G is the 
| gas rate as (Ib.)/(hr.)(sq. ft.). The ab- 


sorption of the.three vapors was studied 


| at gas rates up to 80 (Ib.)/(hr.) (sq. ft.), 
| and at liquid rates in the range 1000 to 


3000 (lb.)(rh.)(sq. ft.). It was shown 


| that the above empirical relationship is 
| valid, and that the liquid film resistance 


is apparently negligible within the flow 
rate limits. The constants a and A in the 
equation have been determined for the 
three systems studie1, and it was found 
that ‘the value of A approaches unity. 


Extraction of Aromatics from Hydro- 
carbon Mixtures. A. S. SMITH AND J. E. 
Funk. Trans. Amer. Inst. Chem. Engr. 40 


| (1944) pp. 211-225. 


_ The authors investigated the separa- 
tion of aromatic hydrocarbons from 


| paraffins, naphthenes and olefins by ex- 


traction with a selective solvent. Single 


| solvents are unsuitable for the separa- 


tion of pure components. To accom- 
plish complete separation a solvent must 
be partially miscible with the compon- 
ents to be separated at the operating 
temperature. However, miscibility can- 


| not be too limited or the solvent require- 
| ment becomes prohibitive. Solvent solu- 


tions vsed by the authors were me- 
thanol-ethylene glycol and dipropylene 
glycol-ethylene glycol. A solubility dia- 
gram is given for ternary systems com- 
posed of methyl! alcohol, ethylene glycol 
and various hydrocarbons as the third 
component. Several typical equilibrium 
diagrains are presented. The extraction 
column used in the work is described, 
as well as its method of operation. The 
recovery of the solvent -is briefly con- 
sidered.. Extraction of aromatics from 
gasoline is described and the distribu- 
tion of the various hydrocarbon com- 
ponents between the raffinate and the 
extract is shown by diagram. The ex- 
traction of aromatics can be applied in 
the production of high solvency naph- 
thas, or aromatic-free kerosenes and 
Diesel fuels, and in the recovery of 
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aromatics from gasolune fractions. Sol- 
vents used in the work are selective, 
readily available, cheap, stable, non- 
corrosive, and non-reactive with the hy- 
drocarbons. The ratio of solvents in the 
particular solvent solution used can be 
varied within limits to suit the particu- 
lar feed material and the extraction to 
be made. 


Some Aspects of the Chemistry of 
Antioxidants. F. Bercer. Chem. & Ind. 14 
(1944) pp. 127-8. 


From the organic chemist’s point of 
view there is little difference between 
antioxidants useful for the food industry 
and those incorporated in petroleum, 
rubber, high polymers, or paint. In most 
cases it is a question of protection of 
unsaturated substances against the re- 
action with oxygen and peroxide. The 
jiterature of the manner in which in- 
hibitors work is briefly reviewed. The 
most important group of antioxidants 
includes compounds rich in hydroxy 
groups, especially of phenolic or enolic 
character. The quinols, polyphenols, 
dienols, -hydroxyacetophenomes and 
nitrogen-containing compounds are in- 
cluded and discussed. 


“Fhe Diffusion of Gaseous Hydrocar- 
bons Through Rubber Membranes, L. 
Lone. J. Chem. Ed. 21 (1944) pp. 139-41. 


The diffusion of hydrocarbons through 
rubber or neoprene membranes is rep- 
resented by the equation used for the 
diffusion of gases through solids. The 
author views it as probable that hydro- 
carbon mixtures can be separated by 
diffusion through properly selected dia- 
phragms. 


Products: Properties 


And Utilization 
Polythene. J. C. Swattow. Endeavour 


3 (1944) pp. 26-31. 


The high molecular weight polymers 
of ethylene are now produced in a new 
series known as polythene. They are 
made by polymerizing ethylene under 
extremely high pressure. The polythene 
is the longest unbranched §straight- 
chain hydrocarbon produced by syn- 
thetic methods. It is the simplest syn- 
thetic thermoplastic and consists of long 
methylene chains of 1000 units or more. 
Its structure results in desirable elec- 
trical properties such as low dielectric 
constant, low power loss, and small 
water absorption, together with good 
mechanical properties. Experimental 
work done prior to its production cov- 
ered the range in pressure from 1 
to 12,000 atmospheres. Heat is liberated 
upon polymerization, and special equip- 
ment was required in order to avoid 
explosive decomposition. X-ray exam- 
ination of the polymer indicates crystal- 
line structure of orthorhombic symme- 
try. The best classification of the poly- 
thenes is based on measurement of the 
liquid viscosity of the molten polymer 


‘at 190° C. in a specially designed vis- 


cometer.. Chemical properties of the sub- 
stances are those to be expected from 
the structure and chemical composition. 
Solubility in organic solvents is low at 
ordinary temperatures, but increases 
fairly rapidly. between 50 and 70° C. 
Polythene is not affected at room tem- 
perature by strong acids or. alkalis, but 
is affected by chlorosulfonic acid. Nitric 
and sulfuric acid affect the comipound 
at 100° C., but hydrochloric acid and 
caustic soda do not. Ozone has less 
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Keeping them in business 


Many a refiner who is an important partner in 
Uncle Sam’s 100-octane gasoline program might not 
even be in business today except for 


1- The best of modern refining processes : 
2- The benefit of all-embracing refining technique 


3- Continuing skilled advice and help, protec- 
tion and guidance 


Scores of refiners for more than 25 years have 
looked to Universal for all those things and they 
never have been disappointed 


All U.O.P. processes, technique and never-sleep- 
ing service are available under license to all refin- 
ers, large or small 


Universal knows how 


CATALYTIC CRACKING HYDROFORMING 
REFORMING DEHYDROGENATION 
HYDROGENATION POLYMERIZATION 
ALKYLATION UNISOL TREATING 
ISOMERIZATION RETREATING 
THERMAL CRACKING POLYTREATING 
SWEETENING 
U.O. P. CATALYSTS U. O. P. INHIBITORS 


OIL IS AMMUNITION—USE IT WISELY 


Universal Oil Products Co. 
Chicago 4, Ill., U.S.A. 


CARE FOR YOUR CAR FOR YOUR COUNTRY 
Petroleum Process Pioneers 
For All Refiners 





The Refiners Institute of Petroleum Technology 
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STRAL 
"Polic ice the Pipe! ines 


YARWAY STRAINERS are selling by the 
thousands because they are better engi- 
neered for the service. 


“The Screen is the Thing” —a high-grade, 
woven Monel wire screen that stops the 
dirt, lets fluids flow freely. 

Then, too, purchasers like the body finish 
—Cadmium plating inside and out for 
protection against corrosion. 

And last but not least, it is “Easy to Clean” 


having a steel blow-off bushing, precision 
machined with straight thread. Screen and 
bushing come out together—go back to- 
gether, automatically aligning. 














Six sizes, %" to 2” for pressures up to 
600 Ib serve practically all strainer needs. 


Sold by over 100 Mill Supply Houses. See 
your Supply House or write for Bulletin 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 


STRAINERS 












effect on the polythenes than natural 
rubber. Polythene can be chlorinated, 
producing plastic products ranging in 
physical properties from rubbery to 
hard solids. Antioxidants effectively pre- 
vent oxidation. Heating under high 
vacuum does not result in changes up to 
about .300° C., where decomposition 
starts and brittle waxes, greases and oils 
form. The polythenes are tough, flexible, 
and possess high impact strength. Under 
tension the typical product elongates 
until the stress has reached a critical 
value of about 100 kilograms per square 
centimeter. The behavior of the _poly- 
thene under drawing is comparable to 
that of rubber. The most satisfactory 
plasticizer for the compound is poly- 
isobutylene of high molecular weight: 
The polythenes are particularly suited 
for electrical applications because of 
the high breakdown voltage and im- 
perviousness to water. It is also a de- 
sirable material for many purposes in 
which chemical resistance is of im- 
portance. 


Oxidation of Lubricating Oils. G. H. 
Denison, Jr. Ind. & Eng. Chem. 36 (1944) 
pp. 477-82. 


The oxidation of lubricating oils, as 
well as the corrosion of bearings by 
lubricating oils, is the subject of an 
extensive investigation. A picture of 
lubricating oil constitution must be had 
before the mechanism of oxidation can 
be determined. Finished lubricating oils 
comprise many different hydrocarbons 
which make up from 80 to 98 percent of 
the oil, along with 2 to 20 percent sul- 
phur compounds, 0.08 to 0.3. percent 
nitrogen compounds, and some oxygen 
compounds. The hydrocarbon portion 
of the oil is shown to comprise naph- 
thenes in admixture with homologs of 
benzene and naphthalene. This hydro- 
cagbon portion of lubricating oil is 
shiown to possess negligible resistance 
to oxidation when it is freed of the 
natural sulphur compounds. Thus, the 
few percent of sulphur compounds pres- 
ent in a finished lubricating oil determ- 
ine the oxidation characteristics. This 
control of stability is interpreted as re- 
sulting from the fact that the hydro- 
carbon fraction oxidizes at a rate con- 
trolled by the concentration of organic 
peroxides. The peroxides are reduced by 
reaction with the natural sulphur-con- 
taining compounds and are thus elim- 
inated as promoters of oxidation. Un- 
fortunately the oxidation of the sulphur 
compounds by the peroxides results in 
the formation of deleterious compounds. 
Thus the refiner is forced to a choice of 
the lesser of two evils. He must main- 
tain sufficient natural sulphur com- 
pounds in his oil to prevent the develop- 
ment of appreciable peroxide content 
with consequent higher oxidation rate, 
yet keep the sulphur content sufficiently 
low so that whatever oxidation does 
occur will not give rise to too many 
deleterious compounds. The author also 
points out that sulphur compounds, in 
addition to controlling the rate of oxida- 
tion of an oil, determine the rate of 
corrosion of bearings. Bearing corrosion 
is shown to result from the reaction 0 
peroxide with the metals of the bear- 
ings, forming metallic oxide, which com- 
pound reacts with the acidic components 
in the oil to form the metallic salt. In 
the absence of peroxide the acidic com- 
pounds cause no corrosion. This corre- 
lation between peroxide concentration 
and corrosion is not surprising when it 
is remembered that the greatest class 0 
corrosion inhibitors are agents that will 
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Fig. 2457—Large size Stainless 
Steel Globe Valve for 125 pounds 
W. P. Has flanged ends, outside 
screw rising stem threaded 
through bronze yoke bushing, 
full round bolted flanged yoke 
bonnet, and plug type disc. 
Sizes, 4’’ to 12’, inclusive. 


with POWELL Engineering 


at your service... 


Guessing and gazing are out when it comes to 
buying your flow control equipment. Because, 
for even the simplest operation, the valve must 
be of correct. design to obtain maximum effi- 
ciency. This not only includes basic type, such 
as Globe, Angle, Gate, ““Y”’, Check, etc., but such 
factors as suitable stem action, bonnet construc- 
tion, working pressure and especially the ma- 
terials used in the body and mountings. 


The valves shown here are a few of the complete 
line designed by POWELL Engineering for re- 
finery services. When made from the proper 
pure metals or special alloys, as recommended 
by our Engineers, they are especially adapted 
for handling Hydrogen Chloride in Isomeriza- 
tion Plants and Hydrofluoric Acid, Sulfuric Acid, 
and Sodium Hydroxide in Alkylation Plants. 


And, to help you solve your individual flow con- 
trol problems, POWELL Engineering is always 
at your service for consultation. 


The Wm. Powell Co. 


Dependable Valves Since 1846 
Cincinnati 22, Ohio 
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Fig. 1944—Stainless Steel ““Y” 
Valve for 125 pounds W. P. Has 
flanged ends, with outside screw 
rising stem threaded through 
bronze yoke bushing and bolted 
flanged yoke bonnet. Body can 
be provided with cleanout pock- 
ets on special order. This type of 
valves provides the straightway 
full flow area of the Gate valve 
plus the throttling feature and 
easy regrinding and renewability 
of disc of the Globe valve, there- 
by effecting considerable savings 
in maintenance. 


Fig. 1979—Stainless Steel Globe 
Valve for 150 pounds W. P. Has 
flanged ends, outside screw rising 
stem threaded through’ bronze 
yoke bushing, bolted flanged 
yoke bonnet, and plug type disc. 
Sizes, 44” to 3”, inclusive. 
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.. . Because of its established reputation, facilities, experience, 
and cash purchasing power, Refinery Equipment, 'Inc., receives 
first call when plants are liquidated. Throughout the world, 
Refinery Equipment, Inc., is recognized for its leadership in re- 
conditioning of equipment... A tradition that has been built 
through the years of adherence to the highest standards. 


As the result, our stock represents the finest and most modern 
as well as the most complete that can be purchased. Only those 
products that measure up to Refinery Equipment's rigid require- 
ments are accepted. 


Our thoroughly modern engineering and re-conditioning facili- 
ties are devoted to re-newing these devices so that they are 
worthy of the company’s guaranty. 


Our complete stocks will answer your need whether it is for 
a single valve or an entire plant . . . and will answer your 
need immediately. For our deliveries are truly immediate. 


Valves & Fittings . . . Storage Tanks... 
Pipe & Tubes . . . Towers & Vessels... 
Condensers & Exchangers . . . Complete 
Refineries . . . Cracking Units . . . Skim- 
ming Units . . . Gasoline Plants... 


Wire, Write. Phone, Tulsa L. D. 410 


UNION AVE. AT 21st STREET 
TULSA, OKLA 











reduce organic peroxides for example, 
organic phosphites, arylamines, and 
phenolics. 


Recent Developments in Colloidal 
Carbon. W. B. Wiecanp. Can. Chem. & 
Proc. Ind. 28 (1944) pp. 151-62. 


For synthetic rubber reinforcernent 
with carbon is even more essential than 
for natural rubber in order to strengthen 
the polymers, improve the modulus, in- 
crease tear resistance, and to -aid in 
satisfactory curing. There are three 
processes for making carbon blacks: (1) 
cracking at hot surfaces as in the 
Thermatomic process, (2) free flame 
processes, and (3) new furnace methods, 
employed in the manufacture of Statex 
and high-modulus furnace products. 
Carbons of low pH value retard curing, 
those of high pH value accelerate it and 
contribute to economy in the use of 
organic accelerators. The electron mi- 
croscope has proved useful in the study 
of colloidal carbon. The spherical form 
was found to be usual for colloidal car- 
bon. The latex particles of synthetic 
rubbers vary in size from 58 to 8500 
millimicrons; in general they are larger 
than the carbvn particles, the diameters 
of which range from 12 to 275 millimi- 
crons. The discrete rubber theory for 
natural rubber is based on the assump- 
tion that the rubber particles are larger 
than the carbon particles. However, the 
electron microscope indicates that the 
carbon particles may be as large or 
larger than the rubber particles and it 
is' therefore probable that carbon is 
sometimes discrete instead of rubber. 
So-called “normal” carbons are floccular 
and they deflocculate in milling. The so- 
called structure carbons are able to re- 
tain their structure throughout the mix- 
ing and milling operations Acetylene 
black is the extreme example of struc- 
ture carbon. The reticular structure re- 
sults in high absorption, high modulus, 
and good electrical conductivity. Surface 
areas and typical grades of carbon are 
tabulated. It is considered that surface 
determines tensile, energy, color, tinc- 
torial strength and absorption; pH af- 
fects curing rate, preferential absorp- 
tion, organophilic tendencies, hydrolytic 
adsorption, and combined oxygen. 


Analysis of n-Butane-Isobutane Mix- 
tures by the Density Method. E. Soto- 
MON. Ind. & Eng. Chem., Anal. Ed. 16 
(1944) p. 348. 


A method for the analysis of mixtures 
of n-butane and isobutane is briefly 
described. The method is similar to 
that of Leighton and Heldman but is 
described so that other laboratories may 
have the benefit of the author’s experi- 
ence in assembling a simple and com- 
pact analytical unit. Using calibration 
charts the method can readily yield re- 
sults accurate to +1 percent in about 
15 to 20 minutes from the time the 
sample is introduced into the sample 
chamber and until the apparatus is ready 
to take the next sample. About 10 ml. 
of liquid is a convenient size of a sample 
but there is no reason why this quantity 
cannot be reduced. 


Fluorocolorimetric Determination of 
Blended. Oils’ and Oil in Oil-Water 
Emulsions. H. Benjamin. Ind. & Eng. 
Chem., Anal. Ed. 16 (1944) p, 331. 

The author was called upon to de- 


termine the concentration of sulfurized 
cutting oils blended with straight min- 
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Fighting or Producing, it Means the Same... Se Ready/ 


W ether it be a warship at sea alert for enemy craft, or a vital industrial plant geared 
to top production, delay at'a critical time is costly, often disastrous. A good skipper knows 
the great importance of having his ship ready at all times for the command to "Stand By!" 
Likewise, management is aware of costly delay caused by forced shutdown due to regular 


gas supply failure. 


A Pritchard designed Stand-By fuel system 
will eliminate such a possibility. Fuel can be 
delivered by rail tank car or truck at any time, 
and stored for an emergency or critical demand. 
Possessing the same heating qualities as 
natural gas, Propane-air can be substituted in 
the industrial system without 


burner adjustments. In a 





matter of minutes complete ee 














PANE-BUTANE liquefied petroleum gas 
mixtures may be used interchangeably. NAT- 


URAL GASOLINE gas mixture may be used 


with minor adjustments to combustion equip- 
ment. J. F. Pritchard and Company design, 
engineer and construct complete Stand-By fuel 
plants to specifications, cov- 

. ering all types of fuel. 
J. F. Prircuarp & Co., 
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HICKS ENGINEERS have designed and in- 
stalled advanced equipment for Solvent Recovery for 
many industrial plants. We are prepared to offer a 
solution to your problem backed by sound engineer- 
ing experience, Consult us or write for bulletin. 


e 
S..D. Hicks & SON CO., INC. 


ESTABLISHED 1841 


PROCESS DIV . 51 E. 42 ST. N. Y. C. Phone: MU. 2-5132 
PLANTS ¢: HYDE PARK, MASS. + £&,. BOSTON, MASS. 


























































Specify Kel-Bloc insulation and let one 
block do the work of two! 

For applications up to 1600°F. this 
refractory covers the full temperature 
range, eliminating the old fashioned 
method of using two blocks... an 
important feature in these days when 
speed is so essential. 

Efficient, high temperature and mois- 
ture-resistant, Kel-Bloc is particularly 
recommended for the insulating of 
pressure vessels, heat exchangers, 
steam accumulators, boilers, furnaces, 
oil heaters, dryers, ovens, breechings, 
ducts. 

Kel-Bloc is composed of long fibre 
black Rockwool,-felted and bonded 
together to give uniform density. Due 
to a special method of felting, all voids 
are eliminated and stratification is 
uniform. 


THE M. W. KELLOGG COMPANY 


Sales Office: 225 Broadway, New York, 7, N. Y. Plant: Jersey City, N. J. 
Representatives in: Chicago, Ill. + Detroit, Mich. «+ Pittsburgh, Pa. 
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eral oil used as a cutting coolant and 
also to determine the oil content of oil- 
water emulsions. The available methods 
were time consuming and none too ac- 
curate. In order to develop a more rapid 
method and improve the procedure, use 
was made of the phenomenon of fluor- 
escence excited by ultraviolet rays. De- 
terminations by this means could be 
made in as many minutes as the older 
methods took hours. They are applicable 
to all oils and waxes that fluoresce, arid 
through the addition of suitable oil- 
soluble fluorescent dyes they can be 
made applicable to all oils and waxes. 
The method is described in some detail. 
Determination of the oil in oil-water 
emulsions could be performed by visual 
matching to £0.1 percent. The proce- 
dure can also be applied to determine 
the efficiency of oil removal when metal 
parts are cleaned and washed by various 
methods. A trace of oil not visible to 
the naked eye becomes apparent when 
excited by ultraviolet rays. 


Analytical Fractionation of Asphalts. 
A. J. Horperc anp W. E, Garris, JR. /nd. 
& Eng. Chem., Anal. Ed. 16 (1944) pp. 
294-302. 


Insight into the behavior of asphalts 
is best obtained through knowledge of 
the component fractions. Separation into 
fractions serves to characterize the as- 
phalt. The authors describe a procedure 
for the solvent separation of asphalts 
into five fractions: hexane-insolubles, 
hard resins, soft resins, oils, and waxes. 
All of the solvents employed boil above 
room temperatures, so the method re- 
quires only laboratory glassware. All 
fractions are recoverable, which is an 
advantage in that they can be studied to 
characterize the asphalt further. The 
accuracy and precision of the method 
are discussed. Tabulations of data are 
included to show the averages and 
ranges of fractions and the properties 
of fractions recovered from 37 oxidized 
and 7 straight-run asphalts. These are 
used to illustrate some applications of 
the method in the study of asphalts. The 
method is regarded as suitable for prod- 
ucts varying in consistency from road 
oil to highly blown products. Only a 
few trials have been made on cracked 
asphalts, but the treatment is thought 
to be applicable to them except for 
some products produced by high level 
cracking which, although resinous, are 
largely insoluble in hexane. Some other 
petroleum products can be examined in 
a similar manner, as, for example, ex- 
tracts and precipitates from lubricating 
stocks and lubricating oils that have 
been in heavy-duty service. 


Andrus Again President of 
Penn State Crude Oil Body 


D. T. Andrus of Bradford, Pennsyl- 
vania was reelected president of the 
Penn Grade Crude Oil Association at 
the annual meeting in Pittsburgh. Other 
officers elected were A. C. Simmons, of 
Bradford, vice president; D. T. Ring, 
of Columbus, Ohio, second vice pres- 
ident; Fayette B. Dow, Washington, 

C., vice president and general coun- 
cil; and‘Sam Messer, Oil City, Penn- 
sags seer ected W. R. Roitz, Oil 

ity, assistant treasurer. 

W. C. Wenzel of Oil City who re- 
cently joined the association as general 
secretary was elected executive manf- 
ager of the organization. 
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PLANTS IN 25 CITIES. 
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2 WESTINGHOUSE WATER COOLERS 


Available Again for Vital War Industries 


Time lost in walking long distances from machines or benches 
for water, cuts productive efficiency. Locate Westinghouse 
Water Coolers at convenient points where your workers can 
reach them quickly and easily. Westinghouse Water Coolers— 
with their established high standards of durability and operat- 
ing economy—are now available on approved orders to war 
agencies and essential industrial plants. 

See your Westinghouse dealer or distributor or write for 
full information. 


WESTINGHOUSE ELECTRIC & MANUFACTURING COMPANY 


665 PAGE BLVD. SPRINGFIELD 2, MASS. 
* 
SIX FAMOUS WESTINGHOUSE FEATURES 
e The Hermetically-Sealed Unit e High-Efficiency Capacity 
e Single Unit Push Button Booster 
Bubbler ® High-Capacity Cooling 
e Splash-Proof, One-Piece Heavy Chamber 
Vitreous China Top e Free-Passage, Non-Clog Drain 


Westinghouse WATER COOLERS 


OFFICES EVERYWHERE 
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Insulated Pipe Units 

The Ric-wiL Company, 1572 Union 
Commerce Building, Cleveland, Ohio, 
announces that helical corrugated con- 
duit housing for Ric-wiL prefabri- 
cated insulated pipe units is now fur- 
nished with a reinforcing full welded 
lock seam extending spirally the en- 
tire length of each section. Automatic 
machine weld is made at the factory 
before galvanizing. Sections are 21 feet 
long, completely fabricated with pipe 
or pipes as specified, insulation and 
aligning pipe supports. New drive 


coupler is adaptable to mechanical or 
welded closure, with a minimum of field 
labor. 

Conduit is available in several types 


of construction for piping steam, hot 
water, oil, hot or refrigerated process 
liquids. Single pipe systems or mul- 
tiple systems with any specified com- 
bination of pipes are tailored to re- 
quirements. Any or all of pipes may 
be individually insulated to required 
thickness. Expansion loops, elbows, 
tees, anchors and all’ accessories are 
factory prefabricated. 


Pump 


Milton Roy Pumps, 1315 E, Mermaid 
Avenue, Philadelphia, announces a 
step-valve pump with outside spring 
loading designed specifically for con- 
trolled volume pumping against nega- 
tive differential pressures. Outside 
spring-loading provides ready adjust- 
ment for desired load. The single cover 
plate is readily removable and provides 
complete accessibility without disturb- 
ing intake or discharge piping. This 
valve affords complete freedom from 
air-binding. There is minimum restric- 
tion of passages since the’ pumped 
liquid moves in an almost straight line 
under the ball checks, not around them. 

This type valve is available with 
Milton Roy Pumps in capacities from 
10 up to 1300 gallons per hour, and is 
supplied for pumping viscous materials 
such as liquid latex, acid sludges, tars 
and asphalts, salt slurries and textile 
fibres in suspension. 








IF IT’S QUALITY 
THAT YOU WANT 


® If you want trouble-free, long- 
lasting Wire and Filter Cloth 
assemblies or sheet metal fab- 
rication, submit your problem 
to us. Most likely we can solve 
it as we have solved hundreds 
of seemingly unsolvable prob- 
lems for our clients during the 
last 32 years. 

Materials of the highest qual- 
ity combined with skilled work- 
manship have given Multi- 
Metal productstheir proud posi- © 
tion of leadership and assures 
you of finished products of the 
best quality obtainable. 


— Mui Metar 





EQUIPMENT FOR THE MODERN PLANT | 


. 

Pump 

American Manganese Steel Division 
of American Brake Shoe Company, 
Chicago Heights, Illinois, announces 
that Amsco-Nagle centrifugal pumps of 
the horizontal type now are available 
with the motor mounted overhead. Pre- 
viously these pumps were available with 
motor directly coupled to the impeller 
shaft or with V belt pulley, flat pulley 
or sprocket. on the shaft. 

The new arrangement offers the fol- 
lowing advantages, according to the 
engineers responsible for its design: 





Five-inch Type T at left and two-inch Type A 
at right—Amsco-Nagle pump with overhead 
_ motor. 


Pump can be operated at. more accurate 
speeds. Speed changes can be provided 
where the duty calls for such changes. 
Motor is stationed at a more accessible 
point and is at the same time protected 
against flooding. Less floor space is 
required. 

The manufacturer’s Type A and Type 
T pumps, both horizontal, are available 
with this motor mounting. 


Safety Tread 

Truscon Laboratories, Caniff & G. T. 
R. R., Detroit, Michigan, has developed 
a slip-proof coating material for floors 
in industrial plants, or wherever the 
hazard of slipping exists. The material 
is a heavy plastic. It comes ready for 
use and is applied with a trowel to a 
thickness of about 1/32-inch. It sticks to 
practically any surface, and on drying 
imparts a skid-proof walking or working 
area. It is claimed that the surface 
treated with this material is skid or non- 
slip proof even when covered with an 
oil emulsion. The material may be had 
in a spark-proof type where non-spark- 
ing floors are considered necessary. 


Sediment Strainer 

American District Steam Company, 
North Tonawanda, New York, has an- 
nounced a new Y type. sediment 
strainer, 125 pounds working pressure, 
with semi-steel body and removable, 
perforated, non-corrosive metal screen 
in pipe sizes from %- to 2-inch, in- 
clusive, with screwed ends. 


Carbon Valve 
National Carbon Company, Cleveland 
1,-Ohio, announces a “Karbate” globe- 
type corrosion-resistant valve. Addition 
of this valve to the list of products for 
the chemical and process industries has 
made it possible to install complete con- 
veying and heat-transfer systems con- 
structed entirely of “Karbate” chemt- 
cally inert materials. 
The new globe-type valves, like “Kar- 
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Simple method of 


protecting manometers 


Information supplied by 


Slotted pipe may be used to protect manometers 
in refinery installations. Where these instruments 
have outside locations as in treating plants, they 
are subject to breakage since it frequently is neces- 
sary to use wrenches in changing connections of 
adjacent piping. 

Pieces of 4-inch pipe can be converted into pro- 
tectors with little difficulty. A slot of sufficient 


length for the face of the manometer is cut down 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING 
DATA ON MOLYBDENUM APPLICATIONS. 
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the length of the pipe. A portion of the cut-away 
section is turned back inside the pipe as a footing 
for the instrument. 

After setting the pipe in the ground so it will 
provide sufficient clearance above the ground, 
the manometer is flanged inside the protector 
with its face toward the opening. This provides 
sufficient visibility for observation and protection 


from breakage. 


MOLYBDIC OXIDE, BRIQUETTED OR CANNED e 
FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 


pany 












WESTON 


all-metal thermometers 
are used at critical 
checking points! 





@ At this new Cities Service 
refinery the familiar, legible faces of WesTON tempera- 
ture gauges appear at hundreds of critical checking 
points. Here, too, their selection was based not alone 
on the extreme legibility of their boldly marked gauge- 
type scales, but also on their proved all-metal tempera- 
ture principle. This all-metal construction contributes 
extreme ruggedness, of course; but it also enables these 
thermometers to maintain their high initial accuracy 
far longer . . . because of the absence of gases, liquids, 
capillaries, and other troublesome parts. 

Weston all-metal temperature gauges are available 
in various sizes and stem lengths for industrial appli- 
cations . . . as well as in models for laboratory use. Ask 
for literature today . . . Weston Electrical Instrument 
Corporation, 655 Frelinghuysen Ave., Newark 5, N. J. 


WESTON 








| 
“Karbate” Valve 


bate” tanks, heat exchangers, pipes, fit- 
tings, towers, and pumps, are resistant 
to practically all corrosive chemicals 
and are unaffected by extreme thermal 
shock. 

The valves are available in 1- and 2- 
inch sizes. Tested to withstand 50 
pounds pressure, they are uniquely 
small and lightweight, with short face- 
to-face dimensions. “Karbate” valves 
are of graphite stock and are self-lubri- 
cating. The inert chemical properties of 
the material prevents corrosion-caused 
sticking of the moving parts, thereby 
cutting down the maintenance normally 
required to keep valves operating at full 
efficiency. 

“Karbate” valves are equipped with 
adapter plugs for steam-heating those 
fluids that tend to crystallize or solidify 
when handled through unheated lines. 
Utilization of the adapter plugs for 
steam-heating the valve will prevent 
clogging and avoid shut-downs while 
vavles are dismantled and cleaned. 


Metallizing Gun 

Metallizing Engineering Company, 18 
30th Street, Long Island City 1, New 
York, has announced a metallizing gun 
for high-speed spraying of low-melting- 
point metals. Applications recom- 
mended. include corrosion-resistant coat- 
ings on steei structures and chemical- 
resistant linings for tanks. 


Air Cleaner 

Bird-White Company, 3119 W. Lake 
Street, Chicago, has developed a new 
Pur-O-fier, a device for purifying com- 
pressed air. The apparatus operates on 
a centrifugal principle, utilizing a high 








velocity turbo-rotor. 
‘ The air entering from the intake pipe 
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Whitlock Suction Type Oil 
Heater Unit Riveted in 
Storage Tank 





With the Whitlock Suction Type Heater, oil is heated as it is drawn from storage tank, permit- 
ting pumps to work at full efficiency: there’s no need to heat entire contents of tank. The 
Whitlock Suction Heater unit, available in several sizes, is furnished ready to weld, rivet or 
bolt to the storage tank, complete with heating section of steel tubing, steam distributing 
head and suction connection. Whitlock’s long experience in making heat transfer equipment is 
your guarantee of efficient design and sound construction. For recommendations, send complete 
information. ' 





Our new booklet “The Care and Handling of Heat Exchangers” is available upon request. 


—— Jip WHITLOCK MANUFACTURING CO. 


75 SOUTH ST., ELMWOOD, HARTFORD 1, CONN. 
Branch Offices: New York, Boston, Chicago, Philadelphia, Detroit, Richmond 


Authorized representatives in other principal cities — consult local telephone directory under our name. 
Whitlock Equipment (Whitlock-Darling) is manufactured in Canada by Darling Brothers, Ltd., Montreal. 











To Refiners Contemplating the Manufacture of 


80 OCTANE ARMY ALL-PURPOSE GASOLINE 





Gray Catalytic Desulfurization will insure maximum produc- 
tion of blended straight run and cracked distillates leaded to 
3 c.c. Tetra Ethyl Lead and bring oxidation stabilities well 
within inhibitor control. 
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SMOOTH-ON 
REPAIR 
RECORDS 


In this particular instance, the 
repair was first considered tem- 
orary, but the engineer now 

nows, like many thousands of 
others, that SMOOTH-ON repairs 
are lasting. - 


In innumerable other cases, too, 
SMOOTH-ON has helped to keep 
important equipment in opera- 
tion, and has avoided delays that 
would have resulted from trying 
to obtain new parts. SMOOTH-ON 
is the long-established stand-by of 
engineers all over the country for 
stopping leaks, sealing cracks, and 
tightening loose parts of equip- 
ment, fixtures, and structures. 
Does not require dismantling of 
apparatus or application of heat, 
and produces dependable results. 


Buy SMOOTH-ON 1. — 
7-08., 1-lb., or larger con- fay Saale 
tainers from your supply 
house, or if necessary, § 
from us. For your protec- 


tion, insist on SMOOTH- fs 
ON, used by engineers} 
and repair men for over |e 
50 years. 








™ ie es 


REPAIR HANDBOOK 
SHOWS HOW 


40 pages, 170 diagrams, 
and simple concise instruc- 
tions for practical repairs 
to plant equipment, pipe 
lines and structures. A ne- 
cessity in every plant. Your 
copy sent FREE if you fill 
in and return the coupon. 








SMOOTH-ON MFG. CO., Dept. 11 


570 Communi five., Jersey City 4. N. J. 
Please send SMOOTH-ON HaND OOK 
RRS e SRR, SY 9) SRE fie OE Ao 
ec a ON en ete dees 


Doit witt SMOOTH-ON 


The Iron Repair Cement of 1000 Uses 














rotates a high speed, positive, non- 
cushioning, perfectly balanced rotor, 
which is sensitive to velocity. The rotor 
beats the atomized moisture and vapor- 
ized oil into larger particles which are 
driven outward and downward by a 
shroud, As they are cooled the entrain- 
ments are drained off by gravity into a 
reservoir designed for manual operation. 
Units provided with automatic draining 
are also available. 


Welding Timer and 


Heat Control 

Westinghouse Electric and Manufac- 
turing Company, Department 7-N-20, 
East Pittsburgh, Pennsylvania, an- 
nounces a new precise welding timer 
with heat control for timing intervals 
of % cycle or less, suitable for welding 
small objects of high conductivity such 
as aluminum or copper. 

Precise, because the welding current 
is made’ to start at the same point on 
the voltage wave for every operation, 
the new SP-18, %4-cycle timer is de- 
signed for welding of such items as 
radio tube parts and sockets, pig-tail 
resistors to terminal lugs, watch and 
instrument parts, contact tips on elec- 
trical relays and other small parts. 

The timer is furnished as a separate 
control for use with existing small 
bench welders and also in combination 
with a small welding transformer. Only 
one control tube is used, this thyratron 
serving the dual purpose of rectifying 
alternating current to charge a firing 
capacitor and also firing the small igni- 
tron power tube. Heat control is ac- 


‘complished by a phase shift method, the 


adjustment dial for which is mounted 
on the cabinet door. 


X-Ray Diffraction Unit 

North American Philips Company, 
100 East 42nd Street, New York 17, an- 
nounces an X-ray diffraction unit de- 
signed for readily solving analysis 
problems formerly considered impos- 
sible in the chemical, metallurgical and 
scientific fields, and does the job in a 
non-destructive manner. It can be used 
with the newly-developed North Amer- 
ican Philips low-angle-scatter camera 
or with other standard types of cameras. 

“X-ray diffraction is not new in itself,” 
an announcement says. “However, the 
utilization of new accessories and tech- 
niques now available will’ prove in- 
valuable in the following fields: Weld- 
ing, casting, forging, ferro-concrete, 
plastics, asphalt, oil, armaments, air- 
craft, locomotives, coal, leather, textiles, 
ceramics, chemical, plywood, steel 
valves, high-pressure tanks, porcelain, 
cables, rubber, food (cheese, ice cream), 
rope, precious stones, and radio. 

“The new ‘Norelco’ X-ray diffraction 
unit has a four-windowed tube enclosed 
in a massive bronze housing. Diffraction 
patterns of four different specimens can 


| be obtained simultaneously. A number 


of types. of X-ray tubes can be provided, 
included in which are targets of tung- 
sten, molybdenum, cobalt, iron, chro- 
mium and copper. Tubes can be changed 
quickly, usually in 2 minutes, using only 
a screwdriver. 
“Fully shockproof and rayproof, the 
unit utilizes full wave rectification which 
permits higher output and longer life 
from the tube. Filament current supply 
is stabilized, control of kilovoltage and 
milliamperage is smooth and stepless, 














“GUNITE”’ 


CONCRETE LININGS 


FOR: 

BUBBLE TOWERS @ STILLS @ HOT OIL 
SEPARATORS © STORAGE TANKS @ RE- 
FINERY VESSELS OF iL TYPES © EN. 
CASING AND FIREPROOFING STRUCTUR. 
AL STEEL AND PIPE @ LINING WATER 
STORAGE RESERVOIRS, DITCHES AND 
CANALS © REPAIRING DISINTEGRATED 
CONCRETE AND MASONRY. 


WRITE — PHONE — WIRE 


GUNITE CONCRETE and 
CONSTRUCTION CO. 


CEMENT GUN SPECIALISTS 
ENGINEERS CONTRACTORS 


1301 Woodswether Road 
KANSAS CITY 6, MISSOURI 


District Branch Office: 
228 NORTH LASALLE STREET, CHICAGO, ILL. 


Branch Offices: 
ST. LOUIS DENVER NEW ORLEANS HOUSTON 
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International 
Efficient Fouipment 


FOR THE PETROLEUM 


PRODUCTS| 
INDUSTRY 


SIDE ENTRANCE MIXERS 
PORTABLE & PERMANENT MIXERS 


KETTLES AUTOCLAVES, DIGESTERS 
BLENDERS, PEBBLE &BALL MILLS 


INTERNATIONAL ENGINEERING INC 
DAYTON, OHIO 


{ 















OF THE COMPLETE LINE... 


PYREX 
HIGH PRESSURE 


for use where 
Temperature Changes are Extreme 








You can’t use just any Gauge Glass where ther- 
mal shock may be encountered—and expect it to 
stand up. Pyrex High Pressure Gauge Glasses 
are built to withstand sudden temperature 
changes. In a routine test at Corning, they are 
—< heated to 425° F. and plunged into ice water. 
They have an  tanepthinall long life and retain their original crystal clearness, because 
the special borosilicate glass from which they are made resists the solvent action of steam 
and hot water. The hard, smooth surface resists scratching. 2 
Because Pyrex brand Gauge Glasses are made with machine drawn accuracy, they fit 
right—there’s very little possibility of installation strains. 
Pyrex brand High Pressure— Pick the one Gauge Glass best suited for your particular requirements from the complete 
resistant to thermal and mechanical (Cogninc and Pyrex line. Write for Bulletin 817; it tells the whole story on all these glasses 
shock and attack of steam and hot 4.4 helps you select the right glass for your service. Industrial Division, Dept. PR2, 


water. Machine drawn accuracy. " 
Pyrex brand Red Line—Same Corning Glass Works, Corning, N. Y. 


but with added visibility afforded by “Pyrex” is a registered trade-mark and indicates manufacture by Corning Glass Works, Corning, N.Y. 


enameled red line. 


Pyrex brand Broad Red Line— 


1 
Same but with fused-in broad red : , : 
line for extra visibility. é | } , \ \ | ; | PULEX OAUG ai * } ASSES 
Cornine Standard—For moder- lass Warks 


ate pressures. Long-lasting. Machine i Corning, New York 
drawn accuracy. 


M U R RAY Are built in a variety of wheel sizes, with 


either two or three-row impulse type wheels, 


SINGLE STAGE TURBINES with all materials suitable for your operating 
FOR conditions. May be furnished with any type 


of governor, for constant or variable speed 
MECHANICAL DRIVE cnvbtiea. 


Type “U” Turbines are designed to have rug- 
gedness expected of single stage turbines, 
plus ease of disassembly. Ask for Bulletin 
T-118. 








Other Murray Products: 
Turbine-Generator Sets 
High Speed Reduction Gears 
Multistage turbines, Type UV 


Vertical Turbines, direct connected and 
geared 
Steam Boilers 


Branches in all Principal Cities 


MURRAY IRON WORKS COMPANY 


RUE SSE ich ge], Pa rek, 7.\ 
BUILDERS OF STEAM POWER EQUIPMENT FOR THREE QUARTERS OF A CENT 
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Made of 
LAMINATED PHENOLIC 


PLASTICS 


As the plastic material of these rings is 
practically self-lubricating, temporary loss of 
lubricant will not affect the life of the piston 
rings or the liners. 

Grit and scale become embedded in the 
plastic and do not scrape liner as with metal 
rings. & 

SHOCK RESISTANCE ... RESISTANCE TO 
ABRASION AND WEAR...HIGH STRENGTH 
WITH LOW WEIGHT make Phenolic Plastics 
ideal for: 

® Bushings ® Bearings ® Electric Insulators 
® Wearing Rings in Centrifugal Pumps 
® And Many Other Products 

e 


ENGINEERS familiar with 

properties of Laminated Phenolic Plastics are 

daily finding mote and more advantageous uses 

for them. # 

LARGEST STOCK of Tubing and most com- 

prehensive stock of Laminated Phenolic 

Reds and Sheets in the Southwest. 
oe 

Proved by leading companies to give lower 

service cost per hour 


QUICK DELIVERY . . . WRITE FOR 
FOLDER AND PRICES 


7, a Ee 
“OER ENGT TERE Ge 


HOUSTON TEXAS 





these excellent | 





Low-angle-scatter camera with operator ascer- 

taining correct placement of specimen in 

specimen holder. Note also other tracks and 
cameras in position. 


tube is protected automatically if water 
supply fails, equipment has start-stop 
push-button control, and provision is 
made for use of automatic exposure 
timer. 

“The slanted panel is indirectly lighted 
for easy observation and carries, in ad- 
dition to controls mentioned above, a 
0-50 milliampere meter, main-line switch 
with overload circuit breaker, calibrated 
peak-kilovoltage selector, and a pilot 
lamp. There is also an elapsed-time 
meter (calibrated in hours and tenths 
of hours) that serves for long exposures 
and for recording tube life. 

“The X-ray diffraction unit is fully 


| shockproof, due to interlocking switches 





, 


| 


| 





which prevent the transformer from be- 
ing energized when sides of the unit are 
open, Precision optical-type camera 
tracks are available as optional equip- 
ment. Adjustments and associated lock- 
ing devices for adjusting cameras are 
positive in action. Tracks and supports 
can be removed readily, leaving the 
table top clear for use with special ap- 
paratus such as the Weissenberg goni- 
ometer. 

“The low-angle-scatter camera is a 
most outstanding recent development of 
the North American Philips organiza- 
tion. For example, with this accessory, 
X-ray diffraction can now differentiate 
between hard and soft chrysotile in as- 
bestos fibres coming from different 
geographic locations, In the past, these 
silky fibers were alike by known 
methods of analysis—yet showed 
marked differences under conditions of 
application. 

“Circular powder cameras are also 
available for use with the ~ Norelco 
analyzer. They have either 57.3 or 114.59 
mm. effective diameters, and size of 
small camera is such that 1 mm, of 
distance between diffraction lines on 
film corresponds to 1° Bragg angle. On 
the large camera, 1 mm. between lines 
on the film corresponds to %° Bragg 
angle. Focussing cameras also are avail- 
able as well as flat types for both re- 
flected and transmitted X-radiation. 

“Technical progress in industry has 
reached a point where knowledge of 
the structure of a given material is im- 
portant. The chemical identification of 
materials, phase analysis in chemical 
processes, the presence or absence of 
preferred orientation in metals or fibers, 
particle size determination of fine mate- 
rials—such as catalysts, carbon blacks, 
rubber fillers and other substances, the 
goniometric data of crystals, and a host 
of other problems can now be solved 
by X-ray diffraction equipment.” 


Rotary Pumps 


Goulds .Pumps, Inc. Seneca Falls, 
New York announces a line of rotary 
panos of the double-helical or herring- 

one-gear type, designed to handie 


liquids with inherent lubricating quali- > 
ties. The pumps aré available in 107 


sizes from ¥%-inch suction and dis- 
charge, capacity 1 to 14% gallons per 
minute, to 24-inch with capacity from 
50 to 75 gallons per minute. Maximum 
working pressures in all sizes is given 
as 75 pounds.: All sizes. are obtainable 
for direct drive through flexible coup!- 
ing. or for belt drive. 

onstruction involves but two moving 
parts, a split bolted type gland; renew- 
able bearings and built-in relief valve. 

The rotors are accurately bored and 
pressed onto the shaft. The driven 
gear is of bronze while the driving gear 
is of steel held by a key. 

Bearings are of high lead bronze 
fitted with grease lubricaters. The ex- 
tra deep stuffing box is fitted with 
metallic packing. The brorize gland is 
split in halves for easy removal and is 
held together by two fitted bolts. 

The relief valve of the stainless steel 
ball type is built into the pump cover 
and is externally adjustable. 

In addition to the standard fitted type 
all pumps are also available with all 
parts of iron or steel or in all bronze 
construction. 





FOR SALE: Steel gate valves, mostly flanged, 
some 300, 600, 900, and 1500 pound. Sizes 2, 
244, 3, 4, and 6 inch various pressures. Special 
trim if desired. Also few globe valves. 


MARVEL VALVE REPAIR COMPANY 
8316 La Porte Road Houston 12, Texas 



















PLIBRICO 


Yowurttcca FIREBRICK 


















The Answer to Your 
Refractory Problems! 


FOR boilers and stills—for patching and re- 
meagre entire walls and complete relin- 
ng—Plibrico Jointless Firebrick is the 
dollar-saving, trouble-saving refractory that 
refineries everywhere are adopting. 


Plibrico forms a solid, monolithic lining 
that eliminates the weak joints of laid-up 
fire brick construction, Flexo-Anchors pre- 
vent bulging. No special shapes are re- 
quired; Plibrico comes in moist, plastic form 
and can be readily moulded to any shape. 
Your own maintenance men can install it 
or we furnish complete installation service. 


For extreme conditions, there is the 
Plibrico sectionally-supported air-cooled wall. 
And the Plibrico sus- 
pended arch for boiler 
‘arches and still roofs. 
Both are erected with- 
out special tile or 
heavy castings. 













































These catalogs 
cover your 
requirements. 

















Here is the complete 
Story of Plibrico linings, 
arches, air cooling, etc. 
Ask for your Plibrico 
catalog. Specify wheth- 
er operating H.R.T. or 
water tube boilers. 
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PLIBRICO JOINTLESS FIREBRICK CO. 
1803 Kingsbury St., Chicago, Illinois 
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For HIGH TEMPERATURE. VAPOR 
and SATURATED STEAM LINES... 





RE 
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... ZALLEA 


CORRUGATED 


PACKLESS EXPANSION JOINTS 


Self-equalizing rings on Zallea Expansion Joints 
distribute the movement equally over the entire 
length, preventing any single corrugation from 
taking more than its share of compression. The 
rings also serve to support the element against 
internal pressure. 


Zallea Expansion Joints are furnished in sizes up to 
30” diameter and for any desired 
traverse up to 714" in a single unit, 
with flanged or welding ends. 
Flanged ends may be vanstone or 
ting joint type as desired. For 
use on vapor-phase and catalytic 
cracking high temperature lines 
corrugated elements are made of 
Stainless steel of proper alloy to 


July, 1944—-A Gulf Publishing Company Publication 


withstand temperatures up to 1800° F. For saturated 
steam lines corrugated elements are made of 
specially heat treated copper. 


We are in a position to fabricate special expan- 
sion joints to meet practically any condition of 
pressure, temperature and corrosion, and stand 
ready to consult with you on either standard or 
special requirements. 


... EQUIPMENT FOR THE PROCESS INDUSTRIES 


890 ‘LOCUST ST., WILMINGTON 99, DEL. 
ae 








Better Way to Wash 
Overalls, Rags, Waste 


Would you like to greatly im- 
prove results when washing wip- 
ing cloths, cotton waste, over- 
alls, coveralls, etc.? Here’s the 
answer: 


Use Oakite Penetrant in your 
tank or laundry wheel, as di- 
rected. Combining fast wetting- 
out and extraordinary solvent 
characteristics, this specially -de- 
veloped material quickly dis- 
solves grease, dirt and grime... 
steps up soil removal . . . pro- 
vides more WASHING AC- 
TION .. . delivers wiping cloths 
and work clothes that are clean 
and absorbent. Not only is 
Oakite Penetrant rapid-acting 
and effective but economical too! 


Data FREE on Request 


Because conditions vary greatly 
in this work, let us recommend 
proper formulas for your job! 
There’s no obligation, so write 
TODAY! 


CAKITE PRODUCTS, INC. 
508 Thames Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principal Cities of the United States and Canada 
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The Babcock & Wilcox Tube Com- 
pany announces addition to its staff, as 
research metallurgist, of Marcel A. 
Cordovi, formerly research assistant, 
Welding Research Council of the En- 
gineering Foundation. Cordovi received 
his BME and MME degrees from the 
Polytechnic Institute of Brooklyn where 
he held a Graduate Fellowship in 1941 
and worked on numerous research 
projects with Professor Otto H. Henry. 


Jones & Laughlin Steel Corpc.. tion, 
Pittsburgh, announces that its subsi- 
diary, J. & L. Steel Barrel Company, 
has purchased the physical assets and 
business of Draper Manufacturing Com- 
pany of Cleveland. 

The Draper Division of the J. & L. 
Steel Barrel Company will be operated 
under the present managing personnel. 


Jj. F. Mitchell-Roberts, manager of 
the foreign and export division of Oliver 
United Filters Inc., is resigning his 
position with the company. Since 1920, 
his duties have taken him over most of 
the world in serving the metallurgical, 
chemical and process industries in con- 
nection with filtration and clarification 
problems. 


Fisher Governor Company, Marshall- 
town, Iowa, announces appointment of 
The Sullivan-Mears Company as its 
representative in Kansas and Western 
Missouri, with offices at 215 Pershing 
Road, Kansas City. H. W. Sullivan, for 
the past few years, has been employed 
by Briggs Clarifer Company as zone 
manager in the Mid-Continent. He has 
had experience in the oil and gas in- 
dustries with Phillips Petroleum Com- 
pany and with Bethlehem Steel Com- 
pany, particularly in refinery construc- 
tion and operation work. Because of his 
five years association with -the Fisher 
organization, L. A. Mears is well known 
in the Kansas City territory. 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
purchased Electric Machinery Manu- 
facturing Company, Minneapolis, Min- 
nesota. The latter will continue to 
operate independently of Worthington’s 
other activities. The two companies 
heretofore have collaborated in assem- 
bly of power units where Electric Ma- 
chinery motors drive Worthington 
pumps and compressors, and Worthing- 
ton engines drive Electric Machinery 
generators. 


The Cooper-Bessemer Corporation, 
Mount Vernon, Ohio, and Grove City, 
Pennsylvania, an- 
nounces appoint- 
ment of William F. 
Lamoreaux as_ re- 
search metallurgist. 

Lamoreaux, who 
for the past three 
years was director of 
research for Meeh- 
anite Metal Corpo- 
ration, will divide 
his time between 
the company’s two 
plants. At the out- 
set, he will _under- 
take closer integra- 
tion of the com- 





W. F. Lamoreaux 


x BUSINESS NOTES x] 






"i } 
pany’s engineering, metallurgical ang 
foundry efforts. ° 
In addition to his research wo 

Lamoreaux will specialize in explorin 
the application of high-duty iron casgj 
ings to various phases of industry, pare 
ticularly in the mining and heavy che 
ical fields. 

Moorlane Company, Tulsa, announces 
appointment of C. 5 
W. Harrington to its 
refinery equipment 
sales staff. He served 
as district sales 
manager at Tulsa 
for Mexico Refrac- 
tories Company for 
7% years, and for 
the last 2% years 
hds been in the 
company’s home of- 
fice in charge of 
dealer and distribu- 
tor business. 











C. W. Harrington 


Alco Products Division’s manager, 7 
Hugh M. Corrough, was elected chair. fy {Ui 
man of the executive committee of the 
Pipe Fabrication Institute at the thirty- 3 Ree 
first annual meeting of the committee 
recently at Pittsburgh. The institute, de- @ stru 
voted to technical and economic prob- 
lems in industrial piping, has a mem- and 
bership of representatives of a score of 
companies. wv" 
gre 


L. J. Wing Manufacturing Company, 
154 West 14th Street, New York 11, The 
announces appointment of the follow- 
ing new. representatives: Glidden En- hole 
gineering & Equipment Company, Dal- 
las and Austin, Texas; E. Lloyd Wid- Heo 
ner, Knoxville, Tennessee; Babcock & 
Wilcox, Ltd., of Mexico, Mexico City, The 
and Sergio Ortiz Toro, Caracas, Vene- 


zuela. GS5\ 
stuf 
Westinghouse Electric and Manu-§, 
facturing Company has appointed C. P. "SU 
Croco manager of a newly formed siste 


Welding Department of the Motor Di- 
vision at_the Trafford, Pennsylvania, @ the 
Works, Croco, who ended an 18-year 
association as an engineer with the 
company in 1943, to become director 
of engineering for Federal Machine & 
Welder Company at Warren, Ohio, re- 
turns to the company. to assume re- 
sponsibility for engineering, manufac-# On 
ture and sales of all. arc-welding equip- 
ment and electrodes manufactured at 
Trafford. 


Avo 
trim 


lem 
one 







The J. B. Beaird Company, Shreve- 
port, has opened a branch office at 305 
Citizens State Bank 
Building, Houston, 
under the manage- 
ment of Hubert B. 
Wilder, who for 
many years has been 
active in South 
Texas oil operations. 
Wilder will handle 
sales and service in 
the territory on 
equipment for the oil 
and chémical indus- 
tries, including pres- 
sure vessels, frac- 
tionating columns, 
























H. B. Wilder 
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QUARTER-TURN FOR QUICK OPERATION ° STRAIGHT 
FLOW ° POSITIVE SHUT-OFF ©® EASY OPERATION 







These are only a few of the advan- : 7 
tages to be found in Reed Steel 







































igton 

Valves for your hard-to-handle 
nager, . 
chair- fluids. 
of the ‘ } 
thirty- H Reed Valves are designed and con- - 
mittee ; 


te, de- ig structed to provide ease of operation 
prob- 


mem. @ ond positive shut-off under the most THE DISC (1) IS PULLED DIRECTLY 
ace al ‘ a ‘Sos AWAY FROM ITS SEAT BY THE 
severe service conditions, with the OPENING L.UG (2) BEFORE IT STARTS 


TO MOVE TO THE OPEN POSITION. 
greatest factor of safety. spi let : Gai 

pany, . a 

th The through-conduit in the disc 


n Ee holder decreases pressure drop. 
te 
Wid- @ Heavy walls give greater strength. 


9 The cleaning action of the discs 


Vene- # assures tight, positive seating. Deep 
stuffing boxes prohibit leakage and 
Manu- @ es ois 
Cc p™ insure a minimum of frictional re- 
ormed B sistance between’ the packing and 
Or A\- 
Ivania, @ the stem. 


8-year 

h_ the ‘ ‘ 

irector Available in corrosion resistant 
ine & , 

io, re IMs. 

ne re- 


nufac-@ On your next “tough” valve prob- 

equip- z 

‘ed atm lem, consult a Reed engineer . . . or 
one of the distributors listed below. 








hreve- 


at 305 
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: Division 
REPUBLIC SUPPLY CO. FRICK “ wn am oa 
LOS ANGELES, CALIF. PITTSBURGH, PA. 
R 0 b L E R ki i T H 0 P R il 4 SOUTHERN SUPPLY CO. TAYLOR SUPPLY CO. 
HOUSTON 1, TEXAS WICHITA, KANSAS DETROIT, MICH. 
4 CULBERT PIPE. & FITTING CO. PEDEN IRON & STEEL CO. 
JERSEY CITY, N. J. HOUSTON, TEXAS 
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SULPEAWE 


is preferred by leading re- 
fineries because of its high 
copper content, dependable 
uniformity and exceptional pu- 
rity and freedom from foreign 
and inert matter. 


99% + PURE 


Quotations on request. on any 
quantity required. Shipments 
can be made from our nearest 
plant. 
























WELD PIPE 


Faster... Easier... Truer 


JEWEL PIPE 
CLAMPS 


They align pipe perfectly and hold it secure 
for tacking. On in a minute—off in 
seconds. Two sizes, 4% to 8 in. —8 to 16 in. 
—_ construction resists strain, heat, and 
abuse. 


Other Jewel Clamps for Ells, long and short 

turn — for Flanges — for Headers. Also Pipe 

ps al eliminates patterns for holes and 
es. 


Seo simple —so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing cation and erection. 


Write Today for Details and Prices. 


JEWEL Manufacturing Company 


1841 University Ave. 
ST, PAUL 4, MINNESOTA 














heat exchangers, flanged steel fittings, 
commercial castings, and many other 
items. Already familiar with the terri- 
tory and the industry, Wilder spent six 
weeks in the shops at Shreveport, learn- 
ing the company’s stocks, facilities and 
processes before taking charge of the 
Houston office. 


Peerless Pump Division of Food Ma- 
chinery Corporation, Los Angeles, an- 
nounces appointment of Clarence 
Frazier as manager of the division, 
Frazier joined. the corporation in 1941 
as assistant to the president and has ad- 
vanced to vice president. He succeeds 
the late Vernon Edler as manager of 
the division. 


The Brown Instrument Company 
announces appointment of Al J. Mc- 
Cullough and Jack E. MacConville, to 
be in charge jointly of industrial in- 
strument sales, with headquarters at 
Cleveland, Ohio. McCullough has been 
with the Cleveland branch for the past 
eight years, and MacConville has ‘been 
with the company for the past 15 years. 


General American Process Equip- 
ment, 420 Lexington Avenue, New 
York, announces that. Roman Chelmin- 
ski has been added to its staff as as- 
sistant to Dr. C. L. Knowles, technical 
director. Chelminski formerly was as- 
sociated with the European activities of 
Dorr Company and Oliver United Fil- 
ters, Inc., and more recently was a 
member of the sales staff of Dorr Com- 
pany. 





The Brown Instrument Company has 
named V. Hiermeiser industrial 
manager of its St. Louis office, where 
he succeeds I. K. Farley. Hiermeiser 
has had 15 years experience in the in- 
dustrial-instrument field, and is cre- 
dited with doing much to help Purdue 
University establish and operate an in- 
strument course. 


Oil Well Supply Company, United 


States Steel subsidiary, has acquired 
Witte Engine Works, Kansas City, 
Missouri. Witte Engine Works will 


continue as heretofore in the manufac- 
ture of small gas, gasoline and diesel 
engines. 

Edward H. Witte at the age of 77, 
retires from active direction of the 
company, which was started by his 
father in 1870 and from whom he pur- 
chased it in 1886. 


Ampco Metal, Inc.,, Milwaukee, has 
built a new plant at 30 East Burbank 
Boulevard, Burbank, California, at 
which West Coast activities of the 
company will be concentrated. The new 
plant will produce Ampco metal by 
both the centrifugal and sand-cast pro- 
cess, and extruded and other wrought 
products manufactured at Milwaukee 
will be stocked, as will a supply of non- 
sparking tools. 


National Carbon Company has an- 
nounced a new sales set-up under which 
all company products will be handled 
nationally from seven divisional offices. 
Four of the new offices are in operation 
and the others will be added by 
October 1. 

All sales activities in the Southeast 
have been consolidated under a new 
Atlanta division office. This division 
will comprise Georgia, Virginia, North 









and South Carolina, Alabama, most of 
Tennessee, and Florida. J. F. Warnell, 
former manager under the “district” 
system and recently stationed at New 
York, has returned to Atlanta as divyi- 
sion manager. The assistant manager is 
C. J. Chapman, who has been in-com- 
pany sales for the last 10 years, and 
W. R. Peppard is office supervisor. The 
organization is using the former district 
address—41 Marietta Street, Atlanta 3. 

C. C. Joslyn is manager of the new 
Dallas, Texas, division. He has been 
with the company more than a decade 
Assistant manager is J. L.- Mullen, re- 
cently district manager at Atlanta, and 
J. F. Uhl is office supervisor. The 
former district offices at 200 South 
Ervay Street, Zone 1, have been re- 
tained. This division will comprise 
Texas, Arkansas, Oklahoma, New Mex. 
ico, Mississippi, Louisiana, and part of 
Tennessee. 

At Kansas City, A. C.° Bryan has 
taken over as division manager. He has 
been with the company for 10 years as 
salesman and sales executive. E. L. 
Dibble, former manager of the district 

































. Kill existing algae (all types). 
Prevent future growth of algae. 
. Inhibit Corrosion. 

. Prevent scale formation. ; 

Slowly remove scale and corrosion 

now in system. d ag ss 

. Adaptable to filtration or sludge 

settling. 

. Simple color test for correct pro- 
portioning of chemicals (adaptable 
to automatic photo-electric pro- 
portioners). 

8. PH control. : 

9. Manufacturers’ laboratory service. 

10. A 100% chemical compound. 


Write... Wire... Phone 


CHEMICAL COMPOUND C0. 


2911 RUSK AVE. P.O. BOX 2222 
HOUSTON, TEXAS 
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We design and 
construct all 
types of modern 
refining units. 


* \ 


BORN ENGINEERING CO. 
Oklahoma 












Tulsa 
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: _ Exclusive WALFLEX Seal keeps No non-lubricated metal 


ae il i against metal on moving parts 
‘strict CLEAN oil in and dust out. oe oaies wane. 


Minimum stress on shaft and 
Forged Steel hubs and sleeves beerings due to freedom. ef 


—no welding—no distortion of movement between hub and 
internal gears. sleeves. 


Catalog with rating tables sent on request 


) ay TPL INES Garlock Packing Helps 


New Jersey _ Keep Our Troops 


HEAVY CONSTRUCTION Moving Overseas 
HEAVY HAULING ree On land, on sea and in the air—Gar.ock pack- 


ings, gaskets and Kiozure oil seals are giving 
dependable service to help keep our troops and 
supplies moving fast—for Victory. 








r. — ie THE GARLOCK PACKING COMPANY, 
Equipped & —— anne PALMYRA, NEW YORK 


to - ma ‘e Tulsa, Okla. Houston, Texas Los Angeles, Calif. 


Erect Units 


4 Se mam Gar.ock Chevron Packing is one 
up to : 4 ‘ of the one fey Gar.ock products 
i , ‘ $ being su in great quantity 
200 Tons a P sr Os Aenea Henean tas iaate 
: ay wt war industries. Chevron gives 
° tes =P. perior performance because of 
: ee = - its eet OF hinge-like design and 

italia ci construction. 


Serving Contractors, Engineers and Industries in this Area on 
Vital War Work. 

A wage ad organization hype | in rigging and heavy 
erection. Equipped for hauling super-heavy machinery and 
equipment. 


“Serving the Southwest over 60 years” 


—WESTHEIMER 


RIGGING & HEAVY HAULING COMPANY 
tf HOUSTON Nosh | 
crest TEXAS : W-8255 , 


6-4453 J-2-3394 
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WANTED ' 
PROCESS ENGINEER 


Chemical Engineer or Mechanical 
Engineer with refining or chemical 
manufacturing background for syn- 
thetic rubber plant. Age 35 to 45 
years. Only those with the required 
qualifications should apply. Give 
complete information, age, educa- 
tion, experience, ability, salary, 
availability, draft status. Stabiliza- 
tion conditions only. Reply confi- 
dential. 


Address: Box 206, c/o Petroleum 
Refiner, Houston, Texas. 














WANTED 
PIPING DRAFTSMAN 


Experienced in the design and detailing 
of pressure piping such as oil refinery, 

wer plant or chemical plant piping. 
igh priority war work with independent 
refiner having long record of full ca- 
pacity operation and uninterrupted em- 
loyment. Applicants must comply with 

ar enewes Commission regulations. 
Address: Box 205, c/o Petroleum Refiner, 
Houston, Texas. 








FOR SALE 
RECONDITIONED IRON & STEEL 
VALVES 
LARGE STOCK OF FITTINGS 


APEX IRON & METAL CO. 
2204 S. Laflin St. Chicago 8, lil. 








WANTED—INSTRUMENT MEN 


For new Aviation Gasoline Refinery com- 
sisting of Catalytic Cracking, Alkylation, 
and Isomerization units, Location, Middle- 
west. In reply give detailed outline of 
previous experience, education, draft 
status, and required earnings for 48-hour 
work week. Reply: Box 50, c/o Petroleum 
Refiner, Houston, Texas. 








WANTED: Refinery superintendent and general 
manager. Will pay good salary for capable man. 
Give educational qualifications and details of 
past experience. Answers held confidential. 


Address: Box 706, c/o Petroleum Refiner, Hous- 
fon, Texas. 








Refinery Superintendent and General Man- 
ager. Initial salary $8500 with opportuni- 
ties for advancement for man with execu- 
tive ability. Give educational qualifications 
and record of past experience. Correspond- 
ence held confidential. Address: Box 708, 
c/o Petroleum Refiner, Houston, Texas. 














there is assistant manager. C. H. Wade 
is supervisor of the new offices, which 
er the same location, 19th and 
Campbell Streets, Kansas City 8. The 
division will comprise Missouri, Kansas, 
South Dakota, Wyoming, Nebraska, 
Colorado, Western Illinois, and most of 
Iowa. Orders from electrode and anode 
customers in the Kansas City Division 
will be received at the Dallas office. 

On the West Coast, R. P.. Tolles, 
manager of the former Pacific Coast 
division, succeeds to the direction of the 
new San Francisco organization. The 
assistant managers are A. R. Miller, 
former district manager at Portland, 
Oregon, and O. B. Rendahl. The new 
division staff will occupy -the old ad- 
dress at 114 Sansome Street, San Fran- 
cisco 4, and from this headquarters will 
be directed sales in California, Wash- 
ington, Oregon, Western Montana, 
Idaho, Utah, Arizona, and Nevada. 

The three division offices yet to be 
opened will be located at Chicago, 
Pittsburgh and New York. Much en- 
larged staffs will be active in all the 
divisional headquarters. 


The Philip Carey Manufacturing 
Company, Cincinnati, Ohio, has_ an- 
nounced the appointment of C. B. 
Pooler as vice president in charge of 
manufacturing. The company operates 
nine plants in the United States and 
Canada. 


Ira G. Whitney, president of A. Y. 
McDonald Manufacturing Company, 
Dubuque, Iowa, died June 11. He was 
born in, Brooklyn in 1877, came to 
Dubuque shortly after the turn of the 
century and in 1908 became associated 
with the company whose destinies he 
was later to guide as president. 


Richard O. Miller, with The Terry 
Steam Turbine Companv, Hartford, 
Connecticut, since 1915 and its chief 
engineer from 1926 until retirement a 
few months ago because of ill health, 
died June 4. 


To Sell Surplus Material 


Defense Plant Corporation, Materials 
Division, plans disposal of excess con- 
struction material and equipment on 
DPC properties. A program has been 
instituted to. expedite return of surplus 
pipe, valves and fittings to channels of 
normal distribution. Proposals will be 
accepted for the purchase of all mate- 
rials regarded as surplus. Large quantity 
proposals are preferred since office 
personnel is insufficient to handle large 
numbers of small orders. Inventories of 
materials are on file for inspection. 








INSTRUMENTS 


RECORDING AND 






PRESSURE FLOW 









B. H. WILSON 


A Complete es of 


Taylor LABORATORY GLASSWARE 
APPARATUS AND REAGENT 
Oe rea an, CHEMICALS CARRIED IN STOCK 


CONTROLLING f 
TEMPERATURE for ¢. Meee et >. ivery 
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A PERSONAL SERVICE ORGANIZATION 


ROY O'NEILL FRED WELLBORN 


WORTH AND HOUSTON 


McNAMAR 


Steel Plate 
Fabricators and 
Contractors 


Products Storage 


Pressure Vessels 


For more information 
See Page 371 
in Refinery Catalog 


McNAMAR 
BOILER & TANK CO. 
Tulsa, Okla. —Salem, Ill. 
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EAGLE SUPERTEMP 
BLOCK INSULATION 


For Temperatures up to 1700° F. 


Manufactured in any thickness from 


mineral wool fiber. 
Has extremely low heat conductivity. 
Easily applied on any flat surface. 


Available for immediate shipment. 





Fhe WDUSTRIAL INSULATORS 


HOUSTON, TEXAS * SHREVEPORT, L 


If you need dependable Turbine re 
pairs in @ hurry, call us. We are com- 
pletely equipped to repair and dy- 
namically balance turbine rotors and 
any High Speed rotating elements in 
our modern shops. 

25 Years Successful Experience 


F ENGINEERING CQ, 1y-| 
GuL & (| 
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